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India, Persia, &c.), 28s. ind Youx: D. Van Nosrnanp, 23, Street, and 27, Warren Street. 
Etrangère, #3, Rue de la Banque. Bustin: À. Asus & Oo.,6, Unter den Linden. 
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Ee ENGINEERS. AND ELECTRICIANS. | 
OFFICES :—14, UNION COURT, OLD BROAD STREET, LONDON, E.C. WORKS :—CHARLTON, 
‘TELEGRAPHIC ADDRESS:--"JUNO” LONDON. 
‘TELEPHONE No. 1010. PRIVATE WIRE, CITY OFFIOES To WORKS. | 


of all. Telegraph Materials, and Machinery for Making, Laying and 
| _ Submarine Cables, and Contractors i Underground and Aérial Telegraphs, — 


. Sole Makers of Trott & Hamilton’ 8 Patent Grapnsl Rope and Trott & Kingsford’s Patent Indicating Grapnels. 


tron and Steel T' h Buoys, Grapnals, both Patent and Ordinary ; Centipedes, Orespers, Mushrooms, Sinkers, — 
Cable Tanks, up and at ps Go Machi a a , Dynamometers, Bow and Stern Gear, Steam and 
Hand Boling Gears, Rope Chain Fittings, Cable Drums, Splicing and Jointing Tools, &e., dc. 


Designed and Constructed for the Complete Equipment of Telegraph Cable Factories and 
Steam and Hand Wire Sounding Machines for Deep and Shallow Water. 


- AN Apparatus and Material used in the Construction, Maintenance, and Working of LAND LINES, viz. :— 


be 


(À 


POLES--Wrought Iron or Composite Poles for Telegraph, Telephone, and Electric Light purposes. House-Top Poles and Fittings. É 
INSULATORS—Johnson § Phillips’ Patent Fluid Insulators, and all kinds of the ordinary form in Porcelain and Brown Ware. = 4 
- WIRE-—Iron and Steel Wire, Galvanized, Pisin, or Stranded. Insulated Wires of every description. ehh 3 
BATTERIES--Sole Makers of Higgins’ Patent Bichromate Batteries, Leclanché, &c. Zinc and Carbon Plates, | 3 
INSTRUMENTS.—Morse, Needle, Bells, Galvanometers, and other Testing Instruments. | 
| Makers of Underground, Aërial, Torpedo, and Field Cables, with Single or Multiple Cores. : 
Copper Wires in Vuleanized India-rubber, 6.P., Silk and Cotton ; taped or braided. 
| = Lighining Oonductors of the ‘vines approved types. | | 4 
Makers of. ‘Lamps, Cables, ELECTRIC Stock of Cables, be ready | 4 
Cartons, Switches, ke. ( LIGHTING. 4 
SOLE MAKERS OF THE 2 
y “Fer ALTERNATING or CONTINUOUS currents, q 

‘For PARALLEL or SERIES working. | 


“SINGLE CARBON LAMPS, 16 HOURS; DOUBLE 32 HOURS. | 


PROFESSOR GEO. FORBES-— 
PLEASE THE MosT CRITICAL, eve.” 


‘PROFESSOR 8, P. THOMPSON — Mr. LANT CARPENTER -— 
| Mr. W. H PREECE, FES. — | 


“OMR OF THE LATEST 


use by 7 Colonial, and Foreign Governments ; ‘Learned Societe; $ 
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international Inventions Exhibition, 1885, Cole BEDAL for 

Silk and Cotton Covered i 
Wire and Tape of 


= | SA 


MEDAL, INTERNATIONAL ELECTRIC 19889. 1 Al 
SILVER-MEDAL for Cables and Wire, 8 | 


“MANUFACTURERS 
(By Patent Processes) 
or 
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MANUFACTURERS 
(By Patent Processes) … ‘| 


Sixes for Electrical pur- 


causes ot | 
Underground | 
forthe 


| processes of every vind of Insulated 


PURE AND RUBBER, 


General Distribution. Only the Highest Conductivity Wire À 08 


Glectrical wire and Gable M 
LFORD, MANCHESTER. 


silent Street Iron Works. 
Salford Electric Wire Works. 
Springfield Cable Works. 


LONDON: 10, HATTON GARDEN, E.C. 


"ELLIOTT BROTHERS, 
101 & 102, ST. MARTIN'S LANE, LONDON, Wo. 


(ESTABLISHED 1800). 4 


ENGINEERS AND. MANURACTURERS OF. ALL. KINDS 
RERGTRICAL TESTING AND TELEGRAPH : INSTRUMENTS. 


‘SUBMARINE MINING APPARATUS, &o. CONTRACTORS To i. M. ‘GOVERNMENT. 


Sole in England for Sir William Thomson's 


Het ivud Paris Exhibition 1889, “ Grand Prix’ to ay English Electrical | 
Telegraph Address: LONDON. 
WROT TIRON 
BOILER TUBES . 
AND FITTINGS. 


OR _ STE EE 
| cas. STEAMWATER| 
PA AS for ELECTRICAL CONDU CTORS. PLAIN on | 
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1808. 


WORKS: À 
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Telephone No. 3852. 
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| TUBE- AT- BR | D GE. STAFFORDSHIR | 


LONDON OFFICE: 46. QUEEN VICTORIA Ste 
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Refiners, 
36, SOUTHWARK STREET, 


EONDON, 
Works :-EWER STREET, 


No. 


ONLY OIL u used last three years by the largest 
“0 Eleetrie- Installations in ‘London. : 
sent on application, 


SUCCESS GUARANTEED. TRIAL SOLICITED. 


Price 2s. 9d.per Gallon. 


Our Oil is now recommended by the principal 
Electricians, and is also suitable for | 


 SHAFTING. ENGINES, 
| ‘de For use on Dynamos and 
AND GENERAL PURPOSES.  High-Speed Engines. 


| à DOCEK | 
UNITED ASBESTOS Vi 
x | LONDON, E.C. 
| : (Late 161, Queen Victoria Street.) 
à All Goods are made at our 


FINE ASBESTOS PAPER, for Dynamos, & ‘Works, near London, and are 
PIONEERS OF THE ASBESTOS TRADE. keener TUBES & CEMENT, for Bectric Lignt Leads. _ of the best possible description. 
ASBESTOS FIRE-PROOF PAINT, for protecting wood 


LIMITED 


The ONLY COMPANY ‘work, troughs for leads, £0  8pecify “SALAMANDER” Brand. 
Ÿ in the World owning . ASBESTOS MILLBOARD STRIPS, for ditto, Depots : NEWCASTLEON-TYNE, Quay en 
ue ASBE THREAD, f MANCHESTER, 94, Deansgate; LIVER 
and working Asbestos pr crabes wt — 47 and 49, South John Street; GLASGOW; 60, 


. West Howard Street ; CARDIFF, Mount Stuart 
Mines in both ITALY parent SALAMANDER LUBRICANT, for Dynamos, &c. Square; BRISTOL, Provident Buildings, Uiare 


and CANADA. 3647 PACKING, NON-CONDUCTING COVERING for Bollers,&c, Street; ST. PETERSBURG, Gostinoe Dvor. 


FREDERICK SMITH & CO. 


. CALEDONIA WORKS, HALIFAX. | | 
Contractors to Der Wajesty’s Government & Railway Companies 


BEST REFINED THLAPHONEH WIRD. 


PATENT GALVANISED TELEGRAPH WIRE. 


100 Ib. COILS, HIGH CONDUCTIVITY. 


+: SPECIALITY:-TELEGRAPH WIRE, TO ALL SPECIFICATIONS. 


COPPER WIRE, hard drawn, WOOFER WIRE, oll sis lengths. COPPER WIRE and TAPE for 
Lightning all sizes for covering. STRAND WIRE all 


ee HARD STEEL STRAND for Mechanical Telephones. … 
CONTRACTORS TO HER MAJESTY’S GOVE 


F. WIGGINS & SONS, “Vase LONDON, - M | C “a 
f PATENT 0) OFFICE. : 


MICK MERCHANTS, [Telephone No. 2348, 
Manufacturers of Mica Goods for Philosophical and aus purposes, 

ee Wm. M. FOXCROFT 

1 (PATENT - (Successor to the late W. Foscroft, also F. Lucas), 

66 Al GARDNER, | Telegraph and Telephone Case Manufacturer, 


166, FLEET: STREET; fe | 2 86, PERCIVAL STREET AND 9, SMITH STREET, aye 
LONDO mr. | CLERKENWELL, LOND ON, E.C. 
‘Messe’. ROBERTSON,” BROOMAN & CO. ! Needle, Bell, Sounder, Perforator, 
| PAMPHLET OF COSTS GRATIS. Photometer, Telephone Cases, Battery Boxes, &c., &c. 
= FORTY-TWO YEARS SPECIAL PRACTICE PRIZE MEDALS, LONDON, PARIS, 


WITH. INVENTIONS, 
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Telegraphic Address: 
__: “HENLEY’S WORKS,” LONDON. 


. 
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TELEPHONE No. {74 


TELEPHONE. STRLEGRAPH | 


LIMITED, 
07, MARTIN'S LANE, CANNON STREET, LONDON EO. 


HIGH TENSION. 


AND | 
FIRE OFFICE REGULATIONS. 
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LOW TENSION. 


FOR BOARD TRADE 
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PLANET ELECTRICAL Co, 


whe VICTORIA MANSIONS, WESTMINSTER. AWARE 3.10 
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Prof. SILVANUS THOMPSON says: —« This is the Electrical Engineer's Lamp.” 
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THE 


LIMITED,. 


66, ‘VICTORIA STREET, LONDON, 8. W. 


Works BIRMINGHAM. 


| 
| | 
x} o” A 1 | | 
| 
ALTERNATING CURRENTS, | 
‘on | | | 
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ENGLAND. 


HALIFAX, 
SOLE MANUFACTURERS UNDER LICENCE 


or 


FLETCHER’S WATCHMAN’S TELL-TALE 


THE BLAKEY- EMMOTT DYNAMO. 
WARBURTON AND CROSSLEY’S RELAY. 
EDMONDSON'S CALCULATING MACHINE, 

Silver Medal, Inventions 


MANUFACTURERS OF | 
MAGNETO BELLS, SWITCH BOARDS, SWITCHES, | 
ANNUNCIATORS, 


BATTERIES OF ALL KINDS. 


— Needle, Block and Morte L Instruments, 


"SEMAPHORE AND LIGHT REPEATERS. 
ELECTRIC BELLS AND INDICATORS. “al 


J. D. F. ANDREWS & CE 


41 & 42, PARLIAMENT STREET, LONDON, SW. 


System of Gonoentsie. ‘Wiring 
for Interiors Andrews’s* Patent Joints, 
Switches, Fuses and, Liste and 
Trade Terms on application. 


FIRE 
BUCKETS 
AND HOSE. 


Combs Tannery, Stowmarket. 
: Price Lists and Terms on Application. 


ARTHUR B. GILL & Co., 
Glectric Light and General Gnginerrs, 


4, BOMBAY STREET, BERMONDSEY, LONDON, SE. | 


Sole Makers of GILL’S PATENT MAIN; ‘BWITCHES, which are practically 


everlasting. No sparking on the actual contact pieces. These switches improve 


with using. Makers of the “GILL” DYNAMO AND MOTOR, which are un- | 


equalled for cheapness and efficiency. SUPPLIERS OF ALL ELECTRICAL 
REQUISITES. LIBERAL TRADE 
: Telephone No. 4892. _ Telegraphic Address: 2049 


COAREONS. 


Her. CHAMBERLAIN, 


Manufacturers of Pure Carbon Points, Tubes, Filters, 
Cells and Battery Plates of every description. 


Telegraphic Address:—“CARBON BARNSLEY.” 3398 


ELECTRIC WIRES. 


(Insulated Wire and Cables 
of every description for 
Electrical Instruments, 


UNITED ELECTRIC WIRE anal 


1730 


14a, Clerkenwell Green. London, E.C. 


Germinal and Œurned Parts, 


GUARANTEED. 


£1 10s. to £6 


PER INSTRUMENT. 
3269 


THOMAS BARRACLOUGH & CO. Ltd, 


Makers of all the most Improved Machinery for Electric Wire and 
Strand Covering, Lapping, Taping, Braiding, &e., 
FOR 


STRANDING AND MAKING CA BI EISS OF EVERY SIZE AND DESCRIPTION. 


Globe Works, Rochdale Road, Manchester. 


_ MAKER OF EVERY CLASS OF 


Ex 


Also any Description of 
ELECTRICAL OR MECHANICAL AUTOMATIC MACHINES. 


SOLE MANUFACTURER OF THE ENGLISH REMINGTON TYPE WRITER, | 


All High-Class Machine Work, Turni ing Borin Screw Cutti 
Wheels Cut to 12-inch die in Thon, Dteel, or Brass, tting, &c. 


“OPEN TO TAKE AGENCY FO FOR ANY MECHANICAL OR ELECTRIC MAGHINE. 
Wrorks: 34, Eagle St., Red Lion Square. 


CASE WORKS, | 
5, PHŒNIX PLACE, || 
GOLOBATH FIELDS, LONDON, W.0, 


MANUFACTURERS OF 


D description of Cases | ! 


BY MAOHINERY 


DU TELEGRAPH, TELEPHONE, AUTOMATIC 
And Electrical Instrument Makers. 


THE SOHANSCHIEFF BATTERY CASES | 


= | 
» 
i | 
À \ 
| 4 GLOVE AND GAITER LEATHER | 
DRESSERS, LEATHER AND | [igjANHOPE 
A WOOL MERCHANTS. =|. | 
Manufscturess |: 20 RUCKLERSBURY 
12 FIRST-CLASS WE af | 
| MEDALS AWARDED. | | pu 
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| ELECTRICAL CASE WORKS i 
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WRITE FOR PRICES. 


WOODHOUSE RAWSON UNITED, LIMITED, 


1 LONDON, MANCHESTER, BRADFORD & KIDSGROVE. 


Telegrams: “ ‘WOODHOUSE, LONDON.” Telephone No. 1978. 


SWITGHES, GUT-OUTS, CEILING ROSES, &c. | 
| | | | 
PORCELAIN OR SLATE. FANCY OR PLAIN. | 
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| | à | | 
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LIGHT 


ACKNOWLEDGED BY USERS 


SUPERIOR TO ALL OTHERS. 


LARGE STOCK : Iw LONDON. PRICES AND SAMPLES FROM 


“THE SOLE AGENTS CATHCART AND PETO, 


572, HATTON GARDEN, E.C., and VULCAN WORKS, ISLINGTON, N., LONDON. 


FACTS! 


The —, | Electrical Storage Co.;" Ltd. have erected, or are erecting, 


STATION BATTERY. 


in connection with Central Stations sapplying 


300,000 Lamps. 


These Batteries act 4 a reserve for the above, or will run 


50,000 Lames 


without machinery. 


QUOTATIONS FREE. 


ELECTRICAL 


COMPANY, LIMITED. 


MANSION HOUSE BUILDINGS, LONDON, 


AND 
Works:-NEW DOCK, LLANELLY. 


Telegraphic Address: “POROSITY,” LONDON. Telephone 1,663. 


3911 


Chas. CHURCHILL & Co, Lia. 


21, . CROSS STREET, FINSBURY, LONDON, E.C., 
Engineers and Importers 


AMERICAN TOOLS AND MACHINERY. 


LARGE SHOW. ROOMS. 


| The Largest Stock of | 
AMERICAN MACHINERY AND TOOLS ES) 
in Great Britain. 


CATALOGUE, 180 PAGES, 


. PEED INDICATORS. 
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SIR WILLIAM THOMSON'S ELECTRIC INSTRUMENTS, 


. STANDARD ELECTRIC: BALANCES, of didvantved accuracy, t measure Le from 0" O1 to 10, 000 Amperes. 
DIRECT-READING AMPERE GAUGES, suitable for installation work. ,,.  ., O'25 to 500 Amperes. 
» ELECTROSTATIC YOLTMETERS, suitable for installation hé | 
work, or as Laboratory Standards, use no current . 
__ and have no temperature error, to measure ,, 50 to 100,000 Volts. 
s » .  ENGINE-ROOM YOLTMETER, with large Scale Divisions 
5 à MARINE or PORTABLE VOLTMETER, suitable for Ship Installations. 
NEW ELECTRIC SUPPLY METER, with range from 1 to 200. 
All these instruments are equally uccurate on Direct or Alternating Circuit. They are very portable and require no relndardialas: 


ILLUSTRATED PAMPHLET, with fall description, may be had Post Free on application to the Maker :— mise 


JA AMES WHITE, 16 to 20, Camneroge St., GLASGOW. 


PATENT 


 SPECIALLY ADAPTED FOR 


ELECTRIG LIGHT INSTALLATIONS 


AND FOR ANY WORK WHERE oF DESIRABLE. 
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SOLE MAKERS: 


PRICHS ON APPITOATION. 


AUSTIN? S 


DYNAMOS MOTORS 


Specially constructed for practical working. First-class workmanship and 
materials. Electrically and mechanically perfect. For Lighting, 
| Plating, Transmission of Power, &c., &c. 


| Size, No.1. No.2 No.3, No.& No.5. No.6 
Output in Watts- - 50.100 200 400 700 1,000 
Per Cent, Efficiency . 76 186 . 00 84 88 92 


CRE SSH This > 
il if { La Y 44 

= = 


Messrs, PATERSON & COOPER, Pownall hd, DALSTON, NE. 


aa | PRICE LIST AND PARTICULARS ON APPLICATION. 


“AUS ‘TIN, Worl, ARMLEY, LEEDS. 
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À for Springs, Ropes, Screws, 


BEST 


PHOSPHOR BRONZE 
GCASTINGS, ~ 


Phosphor Bronze 


Rods, Sheets, &¢., Bearings, Bushes, 
and other wearing parts 
Machine 


BEWARE OF SPURIOUS IMITATIONS, FALSE REPRESENTATIONS. AND INFRINGEMENTS OF OUR PATENT RIGHTS, — 
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STEAM 


E. GREEN & SON, Ltd., . 


___ 14, ST. ANN’S SQUARE, 


| 


| 
x 
Patent NC Patent Sin | | 
© Bronze and Silicium Copper 
PHOSPHOR BRONZE | Ar 
: Wire of Great Tensile Strength | | 
3 : and High Conductivity for Telephone | | 
d'os han and Telegraph Lines & other 
fy 
SOLE PROPRIETORS & Electrical purposes. | 
7 Of the British and Colonial Patents, O y 
4° “THE PHOSPHOR BRONZE 
87, Sumner Street, London, + 
| 
| | | 
| 
E 
E 
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DORMAN & SMITH, 


Manufacturers to 


ELECTRICAL ENGINEERS, 


À BRAZENOSE ST... 


ro . 


The names of Advertisers, whose announcements are ordered for a series, are entered de aa ee 


Howell Elec. Storage C 8 
rompton-How 0. 
Drake & Gorham ... iwi 

J. Stiff & Sons (Boxes only) ass 


Arc Lamps. 
Js H. olmes & Co. es eee Sup. 11 
Johnson & Phillipa 
Planet Elec. Engineering Co. ... 5 
. Poole & White 
» À & W. Roper eee eee ee 14 


Sim lex eee eee eee 
Statter & Co. eee eee eae 
Asbestos.— Bell’s Asbestos Co. 
United Asbestos Co. 


Auctioneers and Valuers (Mechanical). 
sateen Kirk, Price & Goulty Sup. 11 
P. & Tel. Wks. Co.. 24 
ohnson & Philli L L 1] eee 1 
Telegraph Mfg. Sup. 4 
Batte PONT Bourne & Son … 15 
J. Stiff & Sons 


ells. 
Gtenl. Elec. Co., Ld. (@. Binswanger.) Sup. 10 
2 & White eee eee Sup. 17 
Sheppard, Allarton & Madeley a 12 
Belting, Webb & Son eee 6 


& Wilcox Co. 2 
Ewen & Co. . «© Sup. 16 


KS. 
Berly’s Electrical Directory Sup. 14 
Work.—Eclipse Works ... 6 


. M. Foxcroft _... 
‘Castings.—J & J. Hughes ... … 14 
Phosphor Bronge Co. ....  ... 10 
Dynamos.—Andrews & —— Sup. 7 
H. Austin ... ine 
Bolling & Lowe 17 


3 Giilcher Electric Light & P. Co. 15 
J. H. Holmes & Co. son DUR Li 
Johnson & Phillips ... | 
Laurence, Scott & Co. 
F. M. Newton & Co. a cae 
C. Oppermann axe 
C. A. Parsons & Co. 
J.& W. Roper... ove 
Stanley & Davies ... ove pecs 
À G. tatter & Co. eee eee 19 

Ebonite. . 
Harburg India Rubber Ce. 11 
D. Moseley & Sons... 
North British Rubber Co. te 
Engineers Contractors. 
J.D. F. Andrews & Co. ... 
Andrews & Preece .. …. Sup. 7 


Appleton, Burbey & Williamson 18 


R. Bolton & Co. … 15 
Callender’s Bitumen Tel. te Co. . 13 


Charlesworth, Hall & Co. . Sup. 16 
Crompton & Co. Sup. 20 
Drake & Gorham eee see eee 
Elliott Bros. 

General Elec. P. & Traction Co. . 

W. T. Goolden & Co. oe: Sup. 13 
India-rubber & Telegraph Works Uo.24 
Johnson & Philli 1 


Rashleigh | & Dawson... 12 
C. A. Parsons & Co. 


Reid Bros. eee eee eee 
Ernest Scott & Co. ... sas 
Ronald A. Scott … . Sup. 6 
Sharp & Kent see Sup. 13 


M. Holroyd Smith .. 


BOOK ADVERTISEMENTS APPEAR ON 


| Electrical Engineers, &c.—Cont. 


20, 21 


PAGE 
elegraph Mfg. Co. Sup. 4 
Western Electric Company Sup. 20 
Woodhouse & Rawson United 7 & 13 
Ble E Co. 
rus ec ri 
India-Rubber,G. P.&Tel. Co. re i 
Johnson & Phillips … ove 
Laurence, Scott & Co. __... 
Electric Light Carbons. 
Cathcart & Peto... 
H. & F. Chamberlain Bee 6 
Genl. Elec. Co., Ld.(G. Binswanger.) Sup. 10 
Johnson & Phillips 
Lacombe & Co. eee 
Poole & White wes is: Sup. 17 
Woodhouse & Rawson United 7 & 13 


eee “ee. ‘eee ] 1 


Rashleigh “Phipps & Dawson ... 12 


Poole & White 


B. Verity & Sons ... eee és 18 


Walsall Electrical Co. … ‘ .. 
Woodhouse & Rawson 


Engines for Electric Light. 
W. H. Bailey & Co. : 20 


Browett, Lindley & Co. Sup. 3 
Davey, Paxman & Co. … oe 38 
Greenwood and Batley ... aD 
Griffin Gas Engine... …  Bup. 9 
Marshall, Sons & Co. 
John Musgrave & Sons ... Sup. 2 
Ransomes, Sims & Jefferies hie 
tockport Sup. 8 
Willans & Robinson woe «Sup. 19 
Enamel.—Aspinall & Co. ‘ae 
Engraving.—Gilkes ... 
Fibre.— David Moseley & Sons me 
Fire Insurance. 
Pheonix Fire Office eee eee 14 
Fuel Economisers. | 
. Green & Son eee eee eee 10 
Glass Manufacturers. 
Genl. Elec. Co., Ld.(G. Binswanger.) Sup. 10 
Poole & White... Sup. 17 


_ Incandexcence Lampe. 


Brush Electrical Engineering Co. 12 
Poole & White sa 17 
Sunbeam Lamp Co. ove 3 
weon United 7 & 13 


Woodhouse & 
india-Rubber. 
India Rubber, G. P. & Tel. Whe. Co. 24 
D. Moseley & Sons és uy 
Insvlators, &e.—Bourne & Son... 15 
Poole & White ee  Dup: 17 
Stiff & Sons... 
Telegraph Cn Sup. 4 
Lubricants.—W. H. Willcox & Co.. 3 
Maguet Steel.—G. P. Wall... |... 17 
Manafacturing Electricians, 
Cox-Walkers 
Croggon & Co. Sup. 16 


Dorman & Smith ... 
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THE LABOUR QUESTION. 


TRADES unionism, which has given us many varied and 
altogether unpleasant experiences, has seldom shown 
its true character so distinctly as during the last week, 


and it is somewhat humiliating, as Englishmen, to be 


obliged to confess that the qualities of the labouring 


man, a8 a unionist, most prominently brought into — 


notice—that is to say, if he be rightly represented by 


his spokesmen—are those of a bully, a sneak, and a 


perverter of the truth. By this time there must be 
but very few persons sanguine enough to still place 


any faith in the word or bond of the British workman. 


This is not very pleasant talking, but it is impossible 


to come to any other conclusion after a consideration of — 
the events of, let us say, the last twelve months. For | 


the moment, indeed, difficulties seem to be tided over, 
but at any instant and, as it is now made public with 
almost brutal cynicism, without any preliminary warn- 


ing, employers may find their works bare of men, their 


cargoes awaiting to be unloaded, their machinery 
standing idle, and their steamers detained for want of 
coal. | 

It would really seem hopeless to expect the arrival 
of the day when it will be brought home to the labour- 
ing man that if capital be prevented from obtaining 
labour in one locality it will surely succeed in meeting 
With it elsewhere, and that, just as certainly, if capital 


be debarred from an outlet in one direction, it cannot 


be idle, but must seek a course for its natural functions 


under other more favourable circumstances and con- 
ditions. 


The difficulties with chink trades unions are seeking 


to surround the free employment of labour and an 


untrammelled development of industry, can have but 
one result—the alienation of capital, and consequently 
of work ; indeed, the present effects are serious enough, 
without sites any possibilities from the future. 
The docks and river strikes have already diverted an 
énormous amount of business from the Thames, and, 
with more particular reference to that trade organisa- 


tion which has been trying to- play a lone hand, large 
contracts have been recently made with firms in the 
Canary Islands for the supply of coal for a.long period 
to certain important lines of steamers. This is a more 
serious matter than would at first appear, for although 
it is at present only a question of coaling ships, it is 
the first step towards the building up, at the expense 
of the labouring man in’ England, of alien oe. 
and industry. | 
Amidst the labouring there must 
be men of clear sight and sound judgment, and it seems 
strange that these cannot appreciate the fact that the 
cry of ‘ capital versus labour ” is nothing but a catch- 
word, and beyond serving, for the want of a better, the 
purpose of a party-cry, is absolutely meaningless, 
Capital must, perforce, be brought into utilisation by 


means of labour, and if muscle cannot be depended 


upon to fulfil its engagements, one consequence, among 
others, overlooked to a great extent because the effects 


are not immediately appreciable, is that the incentive 


to perfecting labour-saving appliances receives increased 
stimulus. 

No one could for a moment Miss : to deny the 
misery existing among some of the working classes, 
and it is brought into the stronger relief from the 
equalor of their surroundings and the, utter improvi- 


dence of their habits. The stern and immutable law > 


of nature that the weakest must succumb in the struggle 
for existence is nowhere so painfully evident as in 
our teeming population, our overcrowded districts. 
The labouring classes can no more expect to be exempt 
from this law than any other order; the strongest, 


mentally or physically, must eventually push to the | 


front. Any attempt to bolster up the weak and 
incapable can only result in the lowering of the 
general average, and this is precisely what will 
happen if the inefficient workman is to be paid 
the same as the capable. .The survival of the fittest 
may sound a heartless axiom, but it indicates the 
only sound and healthy condition of society. The 
bringing of all labour to au equality in remuneration 
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is an attempt to promote the welfare of the ignorant 


and thriftless at the expense of the competent and — 


ambitious; it would eliminate competition, which is 
the life and soul of all progress, individual or national ; 
and reduce mental and physical faculties to a dull 
dead level of mediocrity. 

The subject is one we have repeatedly brought before 
our readers, and, unfortunately, the occasion is too fre- 
quently given to us of reverting to the ill-directed 
struggles of the working man to assert his inde- 
pendence, and to the attempts of party leaders to sub- 
vert the natural laws of supply and demand to illegiti- 
mate ends. - 


MORE ELMORE. 


“IT looks as if Baron Grant is coming to the fore 
again. We understand that the Baron has had a good 


deal to do with bringing out some of the Elmore 


copper companies. City men used to say that he could 

draw up a prospectus better than any man in London.” 
The Star of Saturday last is — for the 
foregoing. 

were needed for again referring 

to the subject, it would suffice to say that the Baron is 

_ not likely to leave a fruitful field untilled. 


‘ Kings can titles give, but honours can’t, 
Title without honour is a barren grant.” 


We are sorry that the Baron has taken electrical 
ventures under his wing. Mines were at one time his 
favourites. Through the “Emma” the public lost a 
considerable sum, though very important names were 
on the board. It was, we believe, the action of Rubery 
v. Grant which led to the fall of a Sampson, and jour- 
nalists will not soon forget the circumstances which 
preceded the placing of “ Printing House Square” at 
the head of the Times money article. Association 
with the Baron has hitherto boded ill, | 

So long as Elmore companies can be successfully 
floated, Elmore companies will be issued. We hold it 
to be the duty of those who can in any way throw light 
upon the subject not to spare any trouble in doing so. 
The bases of the issues are prospectuses, reports, and 
patents. We purpose examining these in their order, 
with a view to discover their salient features. To- 
day we deal with the prospectuses, — 

Following is a list of the companies di floated, 


with the amounts of capital issued, and the prices paid 


for their rights :— 
Purchase Price. 
| Cash. Shares. 
Elmore Co. (British) | ~ £140, 000 | £53,400 | £46,600 
Elmore Wire …. 200,020 75,000 } 0 
Premium 100,000 . 50,000 
Elmore Co. one and) 
Colonial) . |: 120,000 80,000 30,000 
Elmore Co. (French) 200,000 83,500)! 
Premium  .… | 33,876 33,375 À 
Elmore (Austro-Hun- | 
garian eee 200,000 50,000 
Premium 37,500 37,500 | 50,000 


/£1,080,895  £462,775 
| J 


£655,895 


r 


_ credited with having fairly exhausted the subject, in- 


It will be seen that of the capital issued more than 


half has been paid away for rights, and that the vendors 


have a preference for cash. It may be noted, too, that 


the vendors to the Wire Company were content with | 
half the premiums. The vendors to the French and 


Austrian Companies took all the premiums. 

The patentees, or original vendors, received in cash 
and shares from the British and Foreign and Colonial 
Companies £210,000. 

The British Company paid £100,000, and received 


from the Wire Company, for a partial license, £125,020, 


The Foreign and Colonial Company paid £110,000, 


and received from the French and Sey eee 


Companies £320,875. 

The five companies have 29 Srnieinibiids Fifteen 
gentlemen fill these. Mr. William Elmore is a director 
of four companies. Four other gentlemen are directors 
of four ; two of two. 

Messrs. F, E. and A. 8. Elmore are either joint works 
managers, or joint consulting metallurgical chemists, to 


all the companies, without exception. 


One gentleman acts as secretary of all the companies, 
without exception. 


The prospectuses are nearly all alike, as we pointed 


out last week. The compilers of the original must be 


cluding the Bessemer comparison. One of those points 
which strike us, on a reperusal of the prospectuses, is 


the sudden way in which a series of conjectures or esti- 


mates becomes “ the above plain statement of facts.” : 
Tracing the estimates in the later prospectuses back 

to their source, we find that in the Wire Company's 

prospectus it is stated that the estimate of cost of 


‘manufacture has been prepared by Mr. William Elmore, 


It therefore comes down to this, that the figures 
upon which the directors base their calcalations are 


_ the figures of one of the original vendors ; the managers 


. below, which could not exist, but the presence of the 


of the works in which any practical work may have 
been done being also among the original vendcrs. 
The question we are naturally inclined to ask the 


directors is, whether, in a matter of such importance, 
it is altogether wise to base so much on the estimates 


of those who might reasonably be expected to develop 
a sanguine temperament, 


“SINCE then electricity comes not 
from the sun as from a heated body, 


A Record. 


it comes from its home the bowels of the earth. When 


God first created everything beautiful in its time 
(Eccles. iii.) as well for man’s needs as to reflect his 
own glory, He placed latent heat, electric fire, in the 
centre of the earth as its nucleus, to radiate from the 
centre to the circumference, and to thereby hatch and 


vivify and cause to grow everything tp which He had 


imparted life.” “When the collapse of the eggshell 
crust (of the earth) comes, it will not be from the 
atmosphere from above driving it into a vacuum from 


fires and electricities of the earth, chockfull of them, 
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overcoming the resistance of the lighter electricity in 

the atmosphere above and its vacuums and universal 
cyclones.” The above are not extracts from the works 
of Roger Bacon, or Paracelsus, but from a letter written 
by T. W. Christie, B.A. (Camb.), to the Liverpool 
Courier of Wednesday last, with the view of expound- 
ing to the readers of that journal, “ where electricity 
comes from.” In the same letter Mr. Christie pro- 
pounds the theory that the sun is not hot, but shines 
‘and warms by reflected light and heat. We should not 
be surprised to hear that Mr. Christie believes that the 
earth is flat, or that the earth is the centre of the 
solar system. Considered as a sample of “ newspaper 
science,” Mr. T. W. Christie’s letter has, we think, 
made a record. — | 


A WELL-KNOWN electrical expert 


Elmore Wire. 
| who, if we mistake not, has taken a 


prominent part in testing Elmore copper wire, is stated 
to have said that under precisely similar mechanical 
conditions its conductivity is better by 2 per cent. than 
any other copper, electrically deposited or otherwise, 
with which he was acquainted. This slight difference 
is not likely to cause rival manufacturers much serious 
inconvenience, as we have previously pointed out a 
manner by which compensation may be made for any 
such small deficiency in conducting power. Moreover, 
we have yet to learn at what price this “extra high 
conductivity ” wire can be put on the market. 


4 


National Telephone MR. ERSKINE MUIRHEAD, writing 
Company. 5 ee to a provincial newspaper, complains 

' Of a high-handed proceeding on the part 

of the National Telephone Company. It appears that Mr. 
Muirhead, at the request of the company, brought over to 
this country several telephones of the Ader and Berthon 
type; immediately afterwards Mr. Muirhead received 
a note from the company saying that the telephones in 
question were a direct infringement of their patents, 
and unless they were returned to France at once an 
action at law would result. If the facts are as stated, a 
more gross case can hardly be imagined ; but we can- 
not but think that Mr. Muirhead has not fairly repre- 
sented what has actually happened, for it would only 
be necessary to prove in Court that the company had 
invited Mr. Muirhead to bring over the instrumente, 
for the action to be dismissed with costs. Mr. Muir- 
head also complains that, as a consequence of the dis- 
pute apparently, he was cut off from the Telephone 
Exchange, although he had signed the usual contract, 
under which he had the right to a farther year’s use of 
the privilege. The cause of all this is stated to be that 
the Ader-Berthon telephone is much superior to the 
existing apparatus, and that were it once tried by the 
public there would be a general demand all round for 
its adoption. Mr. Muirhead states that “as the patent 
will expire in a few days, he will be glad to fix a pair 
in the office of the provincial journal in question ; ” 
he does not state to what patent he refers, but inasmuch 
as the Edison patent, which has practically been held 
to cover the use of carbon, does not expire till July of 


next year, it is difficult to see what right he hag to fix 
the telephones in question in a few days. At the com- 


 mencement of his letter Mr. Muirhead states that the 
Ader and Berthon telephones are in daily use, speaking 


between.towns over 600 miles apart, this, we presume, 
being brought forward as an argument for the supe- 
riority of the instrument ; as a matter of fact, it ought 
to be pretty well known now that to speak over 600 
miles is not such a very marvellous feat, as the question 
is not one of instruments but of a sufficiently large 
copper wire. The Blake instrument, as used by the 
telephone companies, is not a satisfactory apparatus, as 
it requires careful adjustment to make it work pro- 
perly ; there are plenty of microphonic transmitters of 
simple design which are more efficient and require no 
adjustment whatever, but to substitute these would 


involve very great expense. 


THOUGH our ‘yemarks in another 


The Elmore’  colnmn bear on some of the points 


Copper Company. 


- praised by “a shareholder,” we think | 


it may be well to deal with them here seriatim. We 


_ gave, as we think, good reasons for raising the question 
of justification for companies in some countries, even 


assuming the success of the process—say, in England— 
so we need not follow our correspondent into the 
regions of political economy. We are awaiting the 
proofs which our correspondent takes for granted in 
the next paragraph, and we are obliged to differ with 
him in his logic of criticism. ‘ A shareholder” has 
reached the nutshell ; we want to get at the kernel ! 
We do not doubt that Elmore shareholders will con- 
sider our six columns might have been devoted to 


better purpose ; at the same time, they will perhaps 


allow that we are the better judges on that point, for 
we attach no importance to the company’s guarantees 


_of their manufactures at present. Our correspondent 
should be aware that we do not condemn without 


enquiry. We are enquiring, and we have not con- 
demned the invention, but we do condemn most 
strongly the promotion of sub-companies, and the pay- 
ment of large sums for the invention in its present 
stage. “A shareholder’s” second point may be 


left to the common sense which settles things 


“on evidence which cannot be fairly disputed.” 
The statement that Mr. Clark was not referring to 
Elmore copper we take to mean, also, that he was not 
referring to copper “ made in the same way as Elmore 
copper.” If this be so it is of value, and we are much 
obliged to our correspondent for pointing it out. We 
shall bear it in mind in our further.enquiries, but so 


far as our last week’s article is concerned Mr. Clark’s 


evidence may be removed from it entirely without 
modifying in any way the conclusions at which we 
arrived. We attach no importance whatever to the 
fact that Mr. Parker has become a shareholder. Without 
being quite sure that we understand the intent of his con- 
cluding paragraph, we imagine that ‘a shareholder” 


thinks that it will take considerable time and much puff- 


ing of Elmore copper to bring about the impending revo- 
lution, Sodowe! There is no necessity for “a share- 
holder ” to write himself down a fool and say we called 


him so. We did not say that all Elmore shareholders 


were fools. We do not think they are. Something 
depends on the companies they are in, and we are not 
sure whether some of them may not deserve a different 
appellation, which we hold in reserve. . 
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ON THE PROTECTION OF BUILDINGS 
FROM LIGHTNING. | 


I MAY, perhaps, be permitted to state in a few words 
why*I have chosen lightning for the subject of my 
paper. My reason is that considerable. uncertainty is 
reputed to exist amongst architects, builders, engi- 
neers, and others, who are. occasionally, although not 
professed electricians, called upon to. erect light- 
ning conductors, and particularly because I have 
had quite recently two cases illustrative of this 
suspected uncertainty brought forcibly to my notice, 
one of the two cases being one in which a number of 
persons narrowly escaped with their lives.. It seemed 
to me, therefore, that lightning conductors offered a 
meet and appropriate subject for discussion by this 

The first case occurred in conhection with this pre- 
sentexhibition. The electrical and lighting committee 
decided that both the old and new systems of protection 
should be illustrated practically, so the chimney of the 
boiler house was ordered to be protected by a stranded 
copper rope of the ordinary type, and the minarets of 
the main building by iron wire, according to a design 
kindly furnished by Dr. Oliver Lodge. The: erection 
of the chimney proceeded with unexpected celerity, 
and when the committee went to specify the precau- 
tions they wished to have observed in earthing the con- 
ductor, they were informed that the conductor was up, 
earthed and finished. The builder assured them that it 
was “all right ;” bat, appreciating the ridiculous figure 
that would be cut by an electrical committee were a 
chimney under their special care struck and injured, it 
was resolved to do violence to the builder's feelings, 
and dig up his earth. It was found that the end of the 
conductor was only a few inches below the surface, 
and was loosely embedded in builder’s débris. That 
-was the first case, and was detected and remedied in 
time. The second was only revealed by an actual 
visitation of lightning. 

Last month, during a severe thunderstorm, and while 
it was. raining very heavily, the inmates of a gentle- 
man’s house were startled by a tremendous report. 
Simultaneously a great light was seen in various rooms 
by different people. The house is peculiarly situated. 
being erected on the slope of a rocky hill, about 600 
feet above the base, and some 1,000 feet below the 
summit. It is fitted with the electric light, all the leads 
being within the building. A télephonic connection 
exists with the stables in the valley below, some 1,000 
yards distant ; it consists of two copper wires thickly 
insulated with gutta-percha, which are used.as a 
metallic circuit. They are underground the whole way, 
being laid in a wooden box buried in a trench, except 
at one point, where they cross a stream in an iron pipe 
laid in its bed. Within the house and stables the wires 
are led to the instruments in wooden boxing. 

When the flash occurred light was seen in almost 
every room of the house. A tailor employed in one of 
them asserts that light played about his thimble and 
scissors, and the cook is positive that a flame appeared 
around her kitchen grate. The housekeeper, who was 
seated in her room, says she heard a faint rustling 
sound in the direction of one of the electric lamps. She 
turned her head, and was immediately conscious of a 
blaze of light which seemed to dart from the lamp to 
the grate. The next thing she remembers was finding 
herself on the floor, unhurt, but greatly terrified. She 
picked herself up and, strange to relate, made her way 
to a mirror, but for some minutes was. unable to dis- 
tinguish her reflection in it. The lady of the house 
saw, or believes she saw, a ball of fire, of a deep red 
colour, in the dining room, but others present were 
aware only of a dazzling light of uo defined shape, 
which appeared to some of them to play for an instant 
over the wall paper, which is embossed with metal. 


* Paper read at the Edinburgh International Exhibition, Sep- 
tember 5th, 1890, before the East of Scotland Engineering Associa- 
tion, by A. R. Rennett, Vice-President. : 


À 


At the stables end a groom states that a ball of fire, 


this time of a white colour, about the size of a cricket ~ 
ball, appeared in the middle of the room and instantly 


exploded with a report that stupified and deafened 
him, and the effects of which he felt in his ears for 
several days. The light from the exploded ball seemed 
to diffuse itself in all directions, but he was conscious 
of a more intense action in the neighbourhood of the 

An, examination showed that the safety fuses of the 


electric light system were melted. The hinged door 


of the box containing them, which was situated about 
4 feet from the telephone-on the same wall, was 
knocked off and thrown to a distance.. It was much 
scorched inside. The telephone wires were fused in 
three different places, once in the iron pipe in the bed 
of the stream, once: midway between the stream and the 
stables, and once a few yards on the house side of the 


stream. At the second place the wooden boxing was 


completely destroyed for about 6 inches ; at the third 
its bottom only was knocked out. In the stables the 
boxing was blown off the wall, but the wires escaped 
injury, as did the telephones at both ends. Where 
fused the wires presented a sharpened or pointed ap- 
pearance on the sections furthest from the house and a 
rounded shape on those nearest it. In the stables, not 


_ far from the telephone, some wires, apparently con- 


nected to the earth, extended partly up the wall. They 
are said to have been used in connection with an A BC 
‘instrument which was formerly installed 
there. | 

At the moment of the discharge—as nearly as can be 


_ascertained — in the house, two bullocks grazing in 


the fields two or three miles off were struck dead. This 
is a most interesting fact, for it tends to substantiate 
what has often been asserted and sought to be esta- 
blished by evidence such as this, that lightning dis- 
charges frequently, if not invariably, are double ; that 


at the moment a flash takes place from clouds to earth 


at one place another ascends from earth to clouds at 
another, a phenomenon to which the name of back or 
return stroke has been given. It is indeed necessary 
that something of the kind should happen if the com- 
parison between lightning and Leyden jar phenomena 
and ordinary electricity generally is to hold good, for a 
circuit of some kind is a necessity. A vivid flash be- 
tween clouds and earth at one point only argues a cir- 


cuit completed elsewhere—that is to say, a good con- | 


ducting region—an absence of a dielectric, between 
earth and clouds at another, just as the arc of an elec- 
tric lamp signifies that there is a conducting circuit, in- 
visible and lengthy perhaps, but still a circuit, connect- 
ing the carbons between which it plays. Sach a con- 
dition may exist during rain to an extent sufficient to 
permit of invisible conduction over a considerable area, 
or an actual waterspout such as is common in the 
tropics may form the conducting link, leaving forcible 
rapture of the dielectric to take place at one point 
only. Absence of such a condacting region necessarily 
means two dielectrics, two ruptures, and two vivid and 
co-existent, although perhaps, and probably, widely 
separated flashes, stroke and back stroke. It is reason- 


able to suppose that lightning, at least sometimes, may 
_be merely a neutralisation by means of the clouds of 
opposite tensions existing at different points of the 


earth’s surface. As soon as the cloud is long enough 


‘to cover both points, and low encugh for the tensions 


to overcome the resistance of the intervening air, the 
neutralisation takes place, the cloud simply acting the 


part of the discharging tongs between the knob and | 


outer coating of a Leyden jar.. Lightning usually 
occurs after a spell of sultry weather when there is an 
absence of moisture, and consequently of conductivity 
in the atmosphere. In damp weather. the necessary 
neutralisation between different parts of the earth's 
surface takes 'place—according to this hypothesis—con- 


stantly and silently, for there is no longer a dielectric 


resistant enough to prevent it. 


. It proved that the house, an extensive one, is largely 
roofed with lead, and has several iron spires which, at 


their lower extremities, are in contact with the lead of 
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tbe roof. The highest spire was found, after the storm, 
to. be bulged and blackened at the junction of the iron 
with the lead. There are numerous metal rhones or 


drainpipes down the walls for carrying off the rain 


water. These are in contact with the lead-work of the 
roof above, but no provision is made for earthing them 
below—in fact, they are built into brick drains. When 
I add that there is no lightning conductor, and that 
the house is built on a thin layer of soil covering rock, 
it will be seen that—the existence of the telephone 
wires being taken into account—all the elements neces- 
sary for a first-class catastrophe were present. The 
absence of a conductor was accounted for by saying 
that when the house was built the architect stated that 


one was unnecessary. The proprietor was especially 


desirous of knowing how the electric light and tele- 
phone wires, which were wholly under cover and cased 
in, came to be struck. The explanation is not difficult. 
As is well understood, lightning is a discharge between 
two areas (these areas corresponding to the coatings 
of a Leyden jar) highly charged by electricity of 
the opposite signs. The clouds usually form one of 
these areas, and a high or prominent object on the 
earth the other. The principal path of a discharge 
is always that of the least resistance, or best 
conductivity, although partial discharges may 
likewise occur simultaneously by less _ perfect 
routes, and the discharge takes place as soon as the 
accumulated tension is high enough to overcome the 
resistance between the areas. A high point on the 
earth’s surface is generally selected by the lightning, 
because whatsoever its nature it is usually, owing to 
the presence of moisture on its surface or-in its pores, 
a better conductor than the air surrounding it. If it is 
a perfect conductor, or supports a perfect conductor of 
sufficient capacity in connection with the earth and 
with all adjacent metallic masses, the discharge passes 
from its extremity to its base without developing any 
noticeable phenomena ; at any rate, nothing which is 
likely to cause danger to life or property, although it 
has been asserted that in the case of a very violent flash 
side discharges from the conductor of dangerous 


moment occur, in spite of the best earth connection. . 


This, however, has been inferred rather from labora- 
tory experiments than actually proved. If the precau- 
tions which I shall endeavour to prescribe and impress 
upon you as necessary are faithfully followed, such 
side discharges, should they happen, would probably 
be of inconsequence. A flash may very likely leap 
from the conductor to neighbouring masses of metal, if 
these are connected to earth and not to the conductor, 
especially if the earth of the conductor itself is a poor 
_ one; but so leaving them without a metallic link to 
the conductor would be a trifling with experience. On 
the other hand, if one or more sections of bad conduc- 
tivity intervene between the summit and the earth, the 
discharge, although it will pass, will no longer do so 
harmlessly, but will develop explosive violence at the 
badly-conducting gaps. Its general course will still be 
the path of least resistance, but it may fly to and 
traverse any metal that lies in anything like a direct 
- line between the summit and the earth, even if that 
metal only offers a path of a few feet. This tendency 
to leave the conductor will be increased proportionally 
as the earth connection is imperfect, a fact that will 
account, in the case under consideration, for the light- 
ning striking the electric light wires ; they, although 


covered and unconnected with the earth, offered the 


path of least resistance for.a portion of the distance, 
and formed a connecting link between the point at 
which the lightning entered the dwelling and the point 
at which it left. | | - 
The enquiry seemed to indicate a discharge from the 
valley to the clouds vid the telephone wires, electric 
light leads, chimneys and spires, the intervening air 
Spaces within the house being jumped. Theligutning, 
on this assumption, entered the wires at the stables by 
leaping from the old telegraph earth to the telephone 
terminals, and by piercing the insulation at and on each 
side of the stream. Arriving at the house, it jamped 
from the telephone terminals to the box containing the 


electric light fuses, and thence travelled: by.the leads 
into every room in the house. There it jumped to 
grates, pipes, and other metallic masses, and so to the 
metal of the roof, and away. A noteworthy point, and 
one. which is replete with instruction to electricians is, 
that had the house not possessed. telephonic connection 


with the valley it might, owing to its position on a 
badly. conducting rock, have escaped altogether ; and | 


had. it not had electric light and bell leads in every 
room it still might have escaped in spite of the tele- 
phone wires. On the other hand, had not such a golden 
bridge as was offered by the leads existed, a leap from 
the basement to the roof through the-hody of the house 
might have been attended by utterly disastrous conse- 
quences. But the accident does not teach that we should 
deny ourselves the advantages attendant on telephones 
and electric lights. It teaches rather that these con- 
veniences may be a source of danger if inconsiderately 
and carelessly. fitted, just as gas or.stoves or lamps may 


become centres of danger if ignorantly. or recklessly 


dealt with. When telephone wires, and especially 


metallic circuits, are taken into a building they should’ 


be fitted as near the point of entry as possible with a 
good lightning discharge. This necessity I recognised 


several years ago as a consequence of more than one 


accident, since when all metallic circuits constructed 


_ by the National Telephone Company have been s0 
fitted. Sach a discharger costing only a few pence, 


would in all probability have shunted the lightning to 
earth, and the inmates of the house might not have 
even been aware that a discharge had taken place. 
Telephones working with an earth return do not require 
such care as metallic circuits, . 
_ À discharge of lightning through a conductor may 
be roughly illustrated by hydraulic analogy. Let us 
suppose a long perpendicular pipe with a number of 
lateral holes at intervals, its bottom extremity opening 
into a large empty cavity. A mass of water caused to 
fall suddenly into its upper end would descend through 
the pipe into the cavity, and having no resistance but 
the friction of the pipe and the resistance of the air in 
the pipe to overcome, it would so fall without any, or 


but little, of the water escaping through the lateral 
holes. This answers to a lightning conductor of sufi- 
cient capacity having a good earth. A pipe of small 


diameter opening into a large cavity would represent a 
conductor of insufficient capacity though with a good 
earth. Through this thin pipe the water could only 
flow comparatively slowly, and the tendency to leakage 
through the lateral holes would be considerably in- 


creased, 


Now, imagine a large pipe with an obstacle placed 
at its bottom so that the diameter is reduced one-half, 
or a large pipe opening into a cavity incapable of con- 
taining the water let down ; then the water descending 
with a tremendous impact is partially stopped by the 
obstacle, or by the filling up of the cavity. The water 
will rebound and spurt violently out of the lateral 
holes. This corresponds to a conductor of sufficient 
capacity connected to an insufficient earth, and the 
effects will be exaggerated proportionally as the aper- 
ture at the bottom is reduced. If the same pipe is 


taken with the bottom end plugged up, the stop- 


page and spurting of the water will be greatly aug- 
mented, and perhaps the pipe will burst from the sud- 
denly exerted lateral pressure. This answers to a 


conductor with a very imperfect earth. The analogy 


is striking here; the water, like the electricity, is 
seeking earth, its lowest level, but failing to find it 
through the pipe, spurts or bursts outlaterally, and then 
recommences its descent by the nearest channel it can 
find. The water may have to turn corners and run 
down flights of stairs on the way, so the electricity 
may have to avail itself of anything conducting 
whether it lies directly in the path or not. 

I now propose to detail the recommendations I have 
made with the view of preventing a recurrence of the 
accident at this particular house. The example isa pecu- 
liar one in more than one respect, but still the recom- 
mendations embody the precautions which, with 
variations due to local surroundings, are necessary in 
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every case. The main object is obviously to provide a 
path of small resistance between the roof and the 
nearest earth: Owing to the rocky foundations of the 
house, this would seem to be at the stream in the 
valley and its vicinity, as the unusual mercy ofa pioneer 
flash has clearly enough indicated. 

The leaden roof with its spires which rise above 
everything may be left as itis, but seeing that rarefied 
air and soot are both conductors—comparatively poor 
ones, it is true, but still almost infinitely superior to 
air at the normal pressure—and that there are some- 
thing like 40 chimneys opening above the roof, it is 
obvious that, taken collectively, the chimneys, espe- 
cially when fires are on, present a conducting surface 
of, very large area, and consequently of low resistance 
between the interior of the house and the atmosphere 
above it. When fires are burning this conducting sur- 
face may extend, in the shape of a column of rarefied 
air, considerably above the highest spire. To prevent 
the electricity selecting this condficting path of chimneys 
_in paralled a better one must be provided, and this can 
fortunately be accomplished, as pointed out by Dr. 
Lodge, by erecting askeleton cage of wire provided with 
a few pointed upright pieces above each group of vents, 
so that.it may be enveloped by the rarefied air as- 
cending therefrom. Each cage should have a soldered 
‘connection to the leaden roof, or by means of an iron 


‘wire direct to one of the conductors. These conductors 


‘may consist of at least four, preferably more, galvanised 
iron wires, No. 4 B.W.G., carried from soldered con- 
nections with the metal of the roof to the ground at as 
many different parts of the house, say at each corner, 
and at convenient intermediate points, and thence con- 
tinued without break of continuity, and buried with- 
out boxing in a trench dug close to the boxing con- 
taining the telephone wires as far as the stream in the 
valley. The stables should be similarly treated, all the 
metal ridges of the roof, gutters, &c., being joined 
together by wire, at least one point projecting above 
everything else, and thence by means of two No. 4 wires 
laid in a trench also as far as the stream. There the 
“water should be temporarily dammed back or diverted, 
and a hole excavated in the bed of the stream some 
3 feet deep by 3 feet square. Into the hole a few 
bushels of retort carbon from a gasworks should be 
rammed ; some 12 feet of each of the six iron wires— 
four from the house and two from the stables—should 
be coiled upon the carbon, then some more carbon well 
rammed down. Finally, the hole should be filled by 
‘well-rammed soil (not rock), and the water allowed to 
flow over it. If inconvenient to dam or divert the 
stream, the hole may be dug at one side of the water, 
and the water admitted over it when completed. ‘There 
“will then exist from the highest point of the house to 


the highest point of the stables a conductor making — 


good earth at one place at least, and as good as the 
nature of the soil will permit at all others along the 
route, which is approximately that of the telephone 
wires. In the presence of such an arrangement, there 
would be no inducement for electricity to jamp through 
several feet of air, and pierce thick gutta-percha insula- 
tion to invade the telephone wires. Further, in the 
house all systems of pipes or other masses of metal, 
such as grates, boilers, &c., should have connections 
with at least one of the conductors. 
may be of No. 5 B.W.G. galvanised iron wire, and 
should be soldered wherever possible. Of course, 
neither the electric light nor the electric bell nor the 
telephone wires can be so connected without interfering 


With their proper functions. This is a little unfortu- : 


‘nate, but they may be dealt with by encasing a couple 
of feet of each of them in metal pipes, with India- 
rubber or porcelain rings between the leads and pipe, 

80 as to make actual metallic contact impossible, while, 
at the same time, providing the shortest possible path 
for lightning between the three sets of leads. This 
would be attained by connecting the three lengths of 


pipe together and to the conductors by means of a No. 


à galvanised iron wire, soldered. In addition, the 


telephone wires should be fitted with an ordinary dis- -: 


charged at their place of entry. The object of these 


Such connections | 


special attention and study. 
pipes exist, they should be joined to the conductors 


branch connections is, of course, to prevent any jump- 
ing in the house, whatever may happen in the 
future. If the main earth connection became in- 
sufficient from any cause, the lightning would again 
make for the stream vid the telephone wires ; but 
if all metallic masses in the house, and the light 
and telephone wires, are treated as described, it 
would do so without any dangerous discharge. The 
only jump would be across the air space between the 
tubes and leads inside them and through the insulation, | 
and this would be entirely harmless. 

I recommend iron wire because—for the theoretical 
reasons adduced by Prof. Hughes and Dr. Oliver Lodge, 
into which I have no time to-day to enter, and with 
which many of you are no doubt perfectly familiar— 
iron is now widely admitted to be as effective as copper 


for currents appertaining to the character of lightning, 


and because iron has been employed habitually in 
America, in France, and elsewhere for a long period, 


and there is no evidence forthcoming to show that the 


percentage of accidents in those countries has been 
greater than in Great Britain, which has hitherto 
adhered rigorously to copper. True, some authorities 
still advocate the use of copper, but the greater cost of 
that metal precludes its employment so liberally about 
a building as could be wished, and when the greatest 
use has to be made of a certain sum, I consider, theo- 


retical reasons apart, that it is beyond comparison 


wiser to invest, that sum in six or eight iron conductors 
than in one or two copper ones. Copper would be pre- 


ferable, on account of its greater durability when 


buried, but still galvanised iron will endure for years 


‘when so treated. Theoretically, a conductor of flat 


section like hoop iron would be better than wire, but it 
is more liable to decay. In addition to such conductors 
as described being fitted, the existing drain pipes should 
be connected to the roof by soldered wires or bands, 
and connected at the lower extremities to the con- 
ductors by a No. 5 galvanised iron wire, carried round 
and soldered to each of them ; and a flagstaff standing 
about 20 yards from the house should have an iron wire 
run up it and connected to the conductors. In fixing 


the cables, sudden bends or changes of direction should 
be avoided. If all these precautions are taken, and the 
‘connections are examined from time to time, and re- 


paired when necessary, the chances of another visita 
tion from lightning will be very remote. — sen 
As before remarked, the recommendations are de- 
signed for a special case, and would not be applicable 
in all their details to many others. Still, to secure 
infmunity from lightning, certain invariable precau- 
tions have to be taken in all cases. These are specially, 
firstly, having at least one metal point—multiple points 
are much better—in as perfect connection with the 


earth as possible, preferably by several paths, raised 


above all stone, wood, and other non-conducting por- 


tions of the building. These points should be pre- 


ferably over or quite close to the chimneys, unless wire 


cages are provided specially for them. Secondly, con-. 


necting all pipes, grates, bell wires and other masses of 
metal in the house to the conductors, preferably by 
means of soldered connections ; when this cannot be 
managed, as with light and telephone leads, then by 
providing a small air space across which the discharge 
may jump harmlessly. Thirdly, by securing a good 
earth. When a house is built on rock, or on a thin 
stratum of soil over rock, or on chalk, this point re- 
Where gas and water 


both above and below ground, and gas and water meters 
should be bridged by soldered No. 5 wire. Even when 
water pipes exist Dr. Lodge considers it better to pro- 
vide a separate earth for the conductor, also attaching 
it to the pipes, but this is a refinement I have not 
myself adopted when good water maine, always full, 


and jointed with lead, have been at hand. 


These are the three important points to keep in view 


in designing protective systems for buildings, and the 


architect or engineer should see personally that his de- 
sign is carried out. If such precautions were general, 


‘we should hear less of mysterious fires than we do. 
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One thing has been brought out over and over again in 
connection with lightning conductors. Ordinary work- 


men are quite untrustworthy, and require constant 


supervision. | 

. In conclusion, I am able to show you some effects of 
a recent lightning storm, which emphazise the necessity 
of having the highest point of ‘any structure earthed. 
Last month a telephone wire erected on the tops of 
poles between Murtle and Cults, in Aberdeenshire, was 
struck. The wire was out of use, and was insulated at 
both ends, so that the lightning found no vent at the 
the. extremities. It accordingly struck through the 
solid porcelain insulators to the iron bolts supporting 
them, and jumped thence to the earth wire, which was 
stapled up the poles to within an inch or two of the 
bolts. It shattered the insulators on the Ist, 2nd, 7th, 
15th and 35th poles, counting from Murtle. At three 
of the poles the wire, No. 18 B.W.G. silicium bronze, 
was fused, and at the foot of one pole the earth was dis- 
tributed and the grass burnt. Three of the insulators 
with fragments are on the table before you ; the others 
were reduced entirely to small pieces, many of which 
could not be found. On one of those before you a 


metallic deposit from the fused wire is distinctly 


visible. Had each pole carried an earthed point raised 
above the topmost wire, the discharge would, almost to 
a certainty, have neglected the path of far higher re- 
sistance through the wire and porcelain, and all damage 
would have been avoided. ane 3 

This is a weak point in our telegraphic practice, 
common to post office, railway, and ahaphotie com- 
panies, and one which I have raised my voice against 
for a good many years past. In the figure, A shows 


the ordinary method of terminating the earth wire, 
which leaves the topmast line unprotected, and B the 
method I have adopted with the object of shielding it. 
_ In house practice the analogy to the short earth wire 
is à system of gas or water pipes, bell or other wires, 
extending up to, say, the attics, with a non-conducting 
structure of plaster, wood, and slates intervening 
between the highest point touched by the metal and the 
air of the house. This non-conducting stratum abso- 
lutely does not exist when lightning is in question, 
and in the event of a discharge occurring between the 
metal in the house and the clouds above, would be 
shattered and scattered just as you see these insulators 

ve been. It is a curious question what the precise 
nature of the force is that splits porcelain in the manner 


shown. The destruction of trees and telegraph poles 


by lightning has been attributed to the sudden genera- 
tion of steam in the pores of the wood, due to the heat 
of the discharge or to expansion by the heat of the 
air which the wood contains ; but in porcelain there is 
neither moisture nor air; yet, as you see, when it 
chances to intervene in the path of the least resistance, 
ram not prevent it from being split up and utterly 


Lighting at Southampton.—Messrs. Crompton & Co. 
are erecting the central station of the Southampton 
Electric Light and Power Company, Limited, Current 
will be charged for by meter. neta 


UPON THE PERFORMANGR OF SIMILAR 


SYSTEMS OF DIFFERENT DIMENSIONS. 


By W. MOON. 


IN studying the different effects produced by similar - 


systems of different dimensions, it is sometimes con- 
venient to speak of the system being increased in all 
its dimensions D times and producing an effect of 
Thus the gravitational force between two bodies is 
proportional to the uct of their masses directly, 
and to. the square of their distance apart inversely, and, 
therefore, if the two bodies and thei®@istance apart is 
uniformly increased D times, then the fèrce between 
them will be increased ra 


8 
= D* times. 


In a similar manner take two 
as compared with their distance apart, then the deflec- 
tive force of the one upon the other will be proportional 
to their masses directly and inversely as the cube of 
their distance apart, and, therefore, with several such 
one ga deflective force exerted by each is propor- 

0 | | 


x 
= D, 


provided, of course, that all the systems have the same 


magnetic intensity. 


The force between two electrically charged bodies 
= fre so that in similar systems of different dimen- 


_ sions charged to the same surface density the force is 


proportional to 


D? x D! | 
D? = D? 


The distribution of the charge over the bodies would 
remain uniform only when the surface density was 
constant, whatever the dimensions. That is when the 
potential of the charge varied as the dimensions. | 

The gravitational force of a body at a point when 
the body together with the distance of the point are 
uniformly increased D times is proportional to D. 

The intensity of field produced by magnets of 
different sizes, but of the same intensity of magnetism, 
is constant at similar points whose distances from the 
magnets is proportional to their dimensions. 

- Similarly the electric force of charged bodies upon 


points at distances proportional to the dimensions of 


the body is the same when the bodies are charged to the 
same surface density. | 7 

The kinetic energy generated by gravity in forming 
a body, or system of bodies, by bringing. up the par- 
ticles of matter from infinite distance would be pro- 
portionl to | 
_ The potential energy of bodies charged to constant 
surface density is proportional to D*, that is, it is equal 


to half the product of the potential and the charge 


| 

The energy expended in magnetising a permanent 
magnet is also proportional to D*. | 

The difference Es these three effects is inte- 

While kinetic energy is generated in bringing 
together the particles of a body by gravity, on the other 
hand, potential energy is created in giving a body a 
static charge of electricity, and in the case of a perma- 


nent magnet energy is expended in its magnetisation 


which is not again recoverable. In the last case the 


energy expended is proportional tor K where “1” is 


the intensity of magnetisation and “K” the coefficient 

of susceptibility. 
However, in the case of a temporary magnet the 
energy is recoverable and is proportional to 
| | 


magnets that are small 
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1 4 
per unit of mass. 

Although the size of the field produced by a mag- 
net is proportional to the magnet’s size or D*, yet the 
portative force is proportional only to the area or D’. 
This is natural since the strength of materials is pro- 


portional also to D?, and, like the strength of magnetism, 


is limited also by a coefficient. 
The strain of torsion that any material will bear is 


_ proportional to D°, or to the area ‘when the leverage 


increases a8 D, | | 
Therefore it follows, that with either belting or shaft- 
ing the power transmitted with constant linear velocity 
is proportional to D? or to -mass? if thé length of the 
shafting increases as its dimensions. - : “J 
In asimilar manner power. can only be transmitted 


by 3 current of electricity in proportion to the area of 


the conductor when the fall of potential per unit length 
is the same and the current is proportional to the sec- 
tional area of the conductor. But when the heat gene- 
rated by the current is taken into consideration, the 
transmission of power. by electricity is at a disadvantage 
as compared with other means, since for a conductor 
heated to constant temperature the power transmitted is 
proportional only to D° when the fall of potential per 


unit of length is constant, and it is necessary to make — 


the fall of potential per unit length equal to Di before 
the power transmitted is proportional to D°, 

If the amount of heating. of the coils of electro: 
magnets, whose cores are similar in shape but of 
different sizes, is the same, then for the same induction 
through the cores the amount of copper upon the cores 
is proportional only to D°?, while, of course, the weight 
of the cores is proportional to D’. The rate of expendi- 
ture of energy in the coil is also proportional to D’, that 
is to the surface. : 

If, however, the depth of the coils upon the cores is 
proportional to D, instead of being the same depth upon 


the different cores, then the rate of expenditure of | 
energy in the different coils would be proportional 
only to D. Of course the former of these methods © 


should be used if it is desired to make the amount of 
copper used a minimum. But if it is required to have 
the resistance of the coil or the rate of expenditure of 
energy therein a minimum, then the latter method of 
having the amount of copper proportionate to the iron 
should be used. 

If both the conductor and the iron of an armature of 
a dynamo vary uniformly as the dimensions; then 
when the conductor in each case has the same linear 
velocity, the E.M.F. generated will be proportional to 


D, and the resistance of the conductor to = and if the 


external resistance also varies as = the current gene- 


rated would be proportional to D? and the heat given off 
in the armature and the work performed would be pro- 


_ portional to D*, But the radiating surface of the arma- 


ture is proportional only to D°, and it is not therefore 
possible for a dynamv to have an output proportional 
to its mass if its heating is considered. , En 
Again, since it is generally necessary to have the 
different dynamos give the same E.M.F., then the 


resistance in each case will be proportional to i and if 


now the current is made proportional to D° that is to 
(sectional area of conductor)‘ then the heating of the 
armature will be proportional to D? or to the radiating 
surface, while the output would be proportional to Di. 

The output of dynamos, then, as a general rule will be 
proportional to D‘. And since the dynamo and electro- 
motor are reversible it follows that the work an electro- 
motor will perform is also proportional to Di. — 

In the alternating dynamo the power required to 
maintain the magnetism of the field magnets would 
of course be the same power. of the dimensions 
as in the direct dynamo. If the amount of iron 


‘portional to the area of the armature coils to the 


and copper on the armature coils both increased 
as D° while the linear velocity of the machine 
was constant ; then the E.M.F. would be pro: 


angular velocity, and to the number of turns on the 


armature coils = = = D if the number of turns is 


4 


= lif the length: of wire on 


constant, or = 


the armature coils is constant. Now, if the current in : 


the first case is regulated to Di, or in: the second case to 
Di, then in each case the raté of heating of the armature 


coils would be proportional to D?, and the output of | 


thé.machine to D’, 
' Of course the size of a dynamo of a particular type 


and having a constant electromotive force and magnetic 


induction is limited by the fact that the conductors of | 


the armature ultimately become as few as the bars of 


the commutator. Again, for electric lighting purposes © 


the time of an alternation of current must not be greater 
than a certain amount, for this reason large alternating 
dynamos are constructed of a number of small coils 
instead of a few large ones. If it were possible to give 
large alternating dynamos the same angular velocity as 
to smaller ones, it would not of course be necessary to 
thus multiply the number of coils, but this is mechani- 
cally impossible since the centrifugal force would then 
be proportional to D‘, while the strength of materials 


resisting this force would be only proportional to D*, 


It’ is interesting to compare the performance of 
dynamos with that of the steam engine. 


- Thus suppose a boiler and its steam engine to be 


uniformly increased in all their dimensions whilst all 


the linear velocities are kept constant. As the draft is 


_of a constant velocity the amount of fuel consumed in 


the furnace is proportional to the area of the grate, that 
is to D*, and therefore the rate at which steam is 
generated is proportional also to D? The steam being 
at constant pressure, the thickness of the boiler plate 
and the strain upon it would be proportional to D, since 
the strain would be proportional to the circumference 
of the boiler. In like manner the thickness of the 


pipes and of the cylinder of the engine would vary as. 


D, and be in proportion to the strain upon them. And 
since the pressure upon the piston rod of the engine is 
proportional to its area or to D°, therefore the strain 
upon the piston, its connecting rods and shafting, belt- 
ing, &c., would be proportional to their strength. Now, 
the piston having constant linear velocity the rate of 
performing work would be proportional to D? or 
(mass)’ or (size)3. | 
If, however, the linear velocity could be made pro- 
portional to D, that is, if the angular velocity and the 
time of a period of the engine is constant, the work the 
engine would perform would be proportional to D‘, 
But just as the pressure of the steam is limited by 
the strength of the material of the boiler, so the linear 
velocity of the piston is ultimately limited by the. 
velocity of the steam, so that it is only within very. 
narrow limits that the power of a steam engine can be 
made proportional to its mass. | 
Also, as with the dynamo, so with the. steam engine, 
the centrifagal force and the strain due to change of 
momentum with constant linear velocity is proportional, 
D°, that is proportional to the strength of the materials 
to resist thestrain. But with constant angular velocity, 
these forces would be proportional to D*, — | 
‘The capacity of similar boilers of different sizes is 
proportional to D, while the rate at which the fuel.is 
consumed is proportional to D?, therefore, the time of 
getting up steam is proportional to D. Also, since the 
mass of the moving parts of a steam engine is propor- 
tional to D*, while the accelerative force of the pressure 
of the steam upon the piston is proportional to D’ 
therefore, the time of starting the engine is proportional 
to D, The same, of course, applies to the time of start- 
ing a dynamo or any motor. | » 9X8 
_ In similar electro-magnets of different sizes, the time 
of acquiring its magnetism or its time constant, is pro; 
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portional to its dimensions, since its electro-magnetic 
inertia is proportionate to D*, while the force accelerat- 
ing the magnetism of the electro-magnet is proportional 


THE TELEPHONE IN AMERICA. 


THE devolopment of telephonic enterprise in the 
United States presents many interesting features, and 
not the least worthy of consideration is the important 
position in business and domestic relations occupied by 

‘this method of communication. The promptitude with 
= which our American cousins grasped the full meaning 
of the advantages and possibilities presented by the 
telephone, and the rapid and enormous extension of 
telephonic systems throughout the States, stand out. in 
strong contrast with the slow and hesitating procedure 
of European countries. The electric telegraph is 
credited with having completely changed the methods 
of conducting business formerly in vogue; the tele- 
phone is responsible for a no less thorough revolution 
in the mode of intercourse—social, domestic, and com- 
mercial, as conducted in towns and cities. 

The history of the telephone in America is practi- 
cally the same as that of the American Bell Telephone 
Company, of Boston, and a brief account of the opera- 
tions of this association may be of interest to those of 


our readers who have not made a special ‘study of the — 


The telephone was brought into a practical shape by 
Graham Bell in 1576, and the original patent, and all 
subsequent ones, both as regards the telephone and the 
. microphone, were acquired by the American Bell Tele- 

. phone Company, who thus became almost the exclusive 

. possessors of all telephonic and microphonic appliances 
_ and installations in America. | 
Up to the year 1887, the company worked its patents 
_by leasing theright of using the telephone to various 
_ associations, under certain conditions, and over defined 

areas. These companies paid an annual tariff of $20 
. per instrument (including receiver and transmitter) 

hired, in addition to a charge of 25 per cent. of their 
_receipts for the use of conduits. _ 

The earlier concessions granted to the working com- 
panies were limited to a period of five years, and were 
then renewed only on new conditions. The conces- 
.Bionaire companies were obliged to place in the hands 

of the Bell Telephone Company 25 per cent. of their 
share capital, and at the same time were granted a 
reduction of 40 per cent..on the annual charge for hire 

ofinstruments, The working companies founded under 
these conditions have entered the third renewal of 
contract, so that the Bell Telephone Company is at 
present owner of more than half of the capital invested 
in telephonic enterprise in the United States. 

In 1887 the Bell Company took another step in the 
direction of securing monopoly, by founding the 
American Telegraph and Telephone Company (the 
Loug Distance Telephone Company), which undertook, 
with the capital of the parent association, the estab- 
lishment and working of telephone lines connecting 
_the larges towns to one another. The present system 
Of this company embraces all the important towns from 

Buffalo to Washington, and the lines are being . ex- 
tended westward to Chicago, and in the south-west 


between Philadelphia and the Pennsylvania coal and 


. Oil districts. 
The original patent acquired by the Bell Company 
expires in 1893, and in order to make competition as 
difficult as possible, the company has bought up all 
patents which are considered likely to be of practical 

_ utility. The company has also become the’ principal 
shareholder in the Electrical Subway Company of 
ew York, and since new companies encounter great 
difficulty in obtaining the necessary authorisations for 
laying down their conduits, competition in. this direc- 
tion is not to be much dreaded. We may here mention 
that the annual charge for the use of these conduits:is 


. ance has lately been attached. 


fixed at $850 per mile for a telephone cable containing | 


90 double conductors. Bd | 
The Bell Telephone Company, in its report for the 


. year ending December, 1888, gave the number of offices 


under its control as 742, in addition to 452 branch 
offices, the length of lines as 170,471 miles, of which 
17,038 miles are underground, the number of instru- 
ments leased out as 411,511, and the number of sub- 
scribers 171,454 (now considerably over 200,000). 

_ The overhead lines in America, whether for electric 
lighting, telegraphy, or telephony, generally leave 
much to be desired with regard: to construction and 
maintenance. The lines of the Long Distance Tele- 
phone Company set, however, a good example in these 
respects, their wires being the only ones which with- 
stood the terrible snowstorm of March 12th, 1888. 
Their lines have a total length of 1,491 miles, with 
39,776 miles of conductors. The wires are of drawn 
copper 3 mm. in diameter; the posts average 40 to 
the mile. Among the more important lines are those 
between Buffalo and Rochester, 69 miles ; Buffalo and 
Syracuse, 99 miles ; Buffalo and New York, 497 miles ; 


‘New York and Boston, 253 miles. 
As an example of the insulation of these lines we 


learn that tests taken on. the New York and Boston 
line, 253 miles in length and having 120 conductors, 


gave an average insulation resistance of 208 megchms 


per mile of conductor. 


ON MAGNETIC CIRCUITS. 


By H. E. J. G. DU BOIS.* 


A CONSIDERABLE extension of our knowledge of mag 


netic induction has lately taken place. This, like many 
other additions to the realm of science, was chiefly 


called for in order to meet the wants of designers of 
_ electric machinery; and it has accordingly been arrived 


at in an essentially practical way. The aim of this 
preliminary communication is to show how physical 
science may draw advantage from some of these results, 


_and may obtain them by unobjectionable purely 
- physical methods. In doing so I shall notso much use 
_ the conception of lines of force, but shall rather start 


from the consideration of magnetisation. For it is the 
latter quantity, which for experimental reasons (Phil. 
Mag. [5] xxix. p. 303, 1890) I believe must be taken as 
the fundamental one from the physical standpoint, 
much more so than induction, to which such import- 

The idea of an analogy (even when only in mathe- 
matical treatment) of magnetic systems with other 
systems of fluxes (hydrokinetic, thermal, electric) dates 
back as far as Euler. Faraday (and following him 
Maxwell) and Sir W. Thomson then each developed it 
in his own way. It has been worked out and prac- 


_ tically applied, however, during the last decennium. 


Bosanquet (1883), Rowland (1884), W. v. Siemens 


(1884), Gisbert Kapp (1885), especially consider the 
analogy with the flow of electricity, and accordingly 
‘apply Ohm’s law to magnetic circuits. As, however, 


this law essentially implies the resistance being constant, 


‘independent of the current flowing, the above extension 


of its most characteristic meaning can hardly be con- 
ceded from the physical point of view; nothing is 


thereby meant to be said against certain practical ad- 


vantages gained by introducing an (essentially variable) 


. magnetic resistance. Quite lately, again, Pisati (1890) 
has laid much stress upon the analogy with thermal 


circuits, and accordingly has applied Fourier’s law to 
certain magnetic systems. This appears perhaps less 
objectionable in so far as thermal conductivity is not 
necessarily a constant as its electric analogue is, though 


Fourier originally introduced the former assuch. But 


* Translation communicated by the Author to the Phil. Mag. 
for October, 1898, being the abstract of a paper read before the 
Physik. Gesellschaft, Berlin, June 27th, 1890. 
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even then it depends upon temperature, not upon its 
space-variation or upon the flow of heat : the analogy 
is therefore in no case a complete one, magnetic con- 
ductivity being of course independent of magnetic 
potential. 

No physical objection, however, appears to exist to 
the totally different treatment the question received at 
the hands of J. and E. Hopkinson (1886) : they started 
from two safely established mathematical propositions, 
and only made some auxiliary assumptions in order to 
simplify the (approximate) calculations. In this way 
they so arrived at their graphic construction, now used 
to a certain extent in machine design, and which will 
be reverted to below. | 

Poisson’s old theory of magnetic induction, extended 
by Neumann and Sir W. Thomson, as laid down e.g. in 
Maxwell’s treatise, is known to rest on the fundamental 
assumption of constant susceptibility ; it therefore 
applies to all substances except ‘ ferromagnetics ” (iron, 
cobalt, nicke], magnetite, and any substance which may 
yet be found to behave similarly). Kirchoff then 
introduced a new theory (in 1853) by making the more 
general assumption that magnetisation is a function 
(capable of experimental determination) of the total 
magnetic intensity. Besides the important solutions of 
certain particular cases (ellipsoid, closed ring), he re- 
stricted himself to giving a few integral equations in 


the place of Poisson’s. However, these were of but | 
little practical use, and are hardly more so now that 


Duhem has lately taken up the analytical problem 
anew. 

A more geometrical treatment of the new theory 
showed the distributions of ihe vectors concerned to be 
as follows :—(a) magnetic intensity: lamellar; (0) 

 magnoetisation : complex-lamellar ; (c) induction : sole- 
noidal ; (d) also the three vectors are easily seen to 
have the same direction at every point. The proof and 
further discussion of these propositions cannot bé given 

here. 1t may be remarked that homogeneous, isotropic 
ferromagnetic substance is assumed, through which no 
electric currents are supposed to flow ; neither is hyste- 
resis taken into account. | 

The simple type of a circuit not completely closed is 
a thin ring containing a radial air gap and subjected to 
a uniform tangential magnetising force. This parti- 
cular case, a solution of which has to my knowledge 
never been attempted, is reducible to the known case 
of an ellipsoid of revolution. In fact, it is only 
necessary that the “self-demagnetising factor” be 
capable of calculation ; 2.e., the number into which the 
magnetisation has to be multiplied in order to obtain 
the intensity of the self-demagnetising effect. Let this 
numerical factor be, as usual, denoted by N; for suffi- 
ciently long ovoids (prolate ellipsoids of revolution) of 

axial ratio, m, it is found by the well-known equation 
N= ay (log, 2m — 1). 

Now let the gap of our ring have the angular value a; 
4.é., an arbitrary concentric circle in it being considered, 
the a/360 part of this will lie in air, the (860 — a)/360 
part in the ferromagnetic substance. A consideration 
of the line integral of the self-demagnetising intensity, 
which must vanish along any such closed circular line 

of integration, leads as a first approximation to the 
result that 3 


[approx. = 035 a]. 


The proof cannot well be given without a diagram. 
Both particular cases are now comparable in every 
respect, as the following short table shows :— 


Ovoid, | Factor. Ring. 
M. N. a 
20 ‘0848 241 
30 ‘0432 1:22 
40 ‘0266 76 
50 ‘0181 52 

100 ‘0054 15 
0 0 


Now Lord Rayleigh has given a graphic construction 
for ovoids, which Ewing expresses in the following 
words :—F rom the ordinary curve of magnetisation for 
infinitely long ovoids, that corresponding to a given 
finite one may be obtained by shearing the diagram 
parallel to the axis of abscisse through an angle, which 
is simply determined by N, therefore also by the given 
ratio of axes. By the above the curve for closed rings 
may now, in the same way, be sheared into a diagram 
for a ring with a given angalar gap. ashe 

The analogy of this process with the Hopkinsons’s 


well-known graphic method is obvious, though at first . 


essential differences appear to exist’; ¢.g., the quantities 


used for co-ordinates are not the same in both cases, 


However, a comparison in detail finally leads to the 
identification of both constructions, so that in any 


_ given particular case the curves would exactly overlap, 


supposing the co-ordinates to be measured to proper 
scales. Our problem, a solution of which was first 
necessitated and afterwards approximately given by 
machine practice, has therefore now been solved to the 


same order of approximation by physical methods. 


The degree of this approximation, the allowable 
limits for thickness of ring and width of air gap, the 
amount of “ leaking” of lines of force, &c., can only be 
determined by experiment on as large a scale 
possible. | 


‘STREET RAILWAY MEN IN CONVENTION. 


Cross-examining Electricians. Revelations. 


UNDER the presidency of Mr. J. N. Partridge, the 
Street Railway Association of the State of New York 
held its eighth annual meeting on the 16th ult, at 
Rochester. The President, in his address, dwelt upon 
the marked progreas that had been made since the last 
meeting by the substitution of mechanical and electri- 
cal devices fur the propulsion of street cars in the place 
of horses. This address, whilst setting forth some of 
the advantages of electric traction contained nothing 
of special interest, and it was followed by a paper “On 
an Electric Street Railway Motor,” read by Mr. J. W. 
McNamara. This paper, the only one presented to the 
meeting, was very short, concise and to the point; it 
referred to the conversion of a horse car line at Albany 
into an electric one, by the Thomson-Houston Com- 
pany. The contract was given out on the last day of 
November, 1889, and on May Ist, 1890, all the horses 
on that line were withdrawn. None of the drivers had 
had any training until the evening of April 27th, 1890, 
yet they were able to begin running schedule trips 


with three cars the next day. Four months’ experience — 


has taught the author that the electric motor is efficient 


and reliable, but he has yet to learn that it will ascend 


an 8 per cent. grade at the rate of 5 miles per hour in 
winter as it did in summer. The question as to whether 
the electric motor is as economical as the horse cannot 
yet be answered, and need not. be answered—so says 
the author in concluding his address. 

The ‘“ discussion ” which followed was remarkable, 
for several reasons: in the first place hardly any re- 
ference was made to the paper read; secondly, the 
speakers, mostly representatives of contractors, referred 
to the advantages of their respective “systems,” some- 
what depreciating those of rival concerns ; and, thirdly, 
for the cross-examination which certain electrical ex- 
perts had to undergo, which revealed some interesting 
facts. 

Mr. Frank Rogers, representing the Short Electric 
Railway Company, of Cleveland, stated. that the 
“ series” system has been abandoned by his company, 
and that they used now the parallel system, like 
Thomson-Houston and Sprague. Questioned by several 


gentlemen as to the reasons why the “series” system 


has been abandoned by its own inventors and former 
advocates, Mr. Rogers explained that it could only be 
worked successfully with two or three cars, but with 
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. more than five on the line it was a failure. The trouble 
was, that it was difficult to manufacture a constant 
current generator that can be operated with little atten- 
tion. “The generator fluctuates, so that it does not 
take care of the current.” In the parallel system the 
electromotive force is constant. In the series system 
the current should be, but is not, and for that 
reason it is not adapted for a large number of cars. 
The construction of the conductor was too complicated, 
aswitch being used init. Prof. Short, the originator 


of the “series” system, had studied the question very | 


carefully, and has spent a great deal of money in trying 
to work the system up and make it a success, and has also 
experimented largely in underground work before the 
new company was organised; but since then the 
parallel system has been adopted. | 

Mr. Rogers prefers the single overhead wire and rail 
return ; it is not so complicated, and in a large city 
where there is one line crossing a number of tracks, it 
lessens the number of wires overhead. At Cincinnati 
they were obliged to put in the parallel double over- 
head wire on account of the telephones there, and the 
street railway managers being largely interested in the 
telephone companies. Many other questions of less 
importance were addressed to Mr. Rogers and satisfac- 
torily answered, when Mr. E. E. Higgins, of the Sprague 
Company, which is now part of the Edison General 
Klectric Company, was called upon to give his version 
on the subject. | | | 

Mr. Higgins claimed that the principal things brought 


ont by Mr. Sprague, and copied ever since, were the 


placing of the motors underneath the cars, and attach- 
ing them to the axles on one side, and to a spring sup- 
port on the other. Then the control of both motors of 
the car from either platform was another important 
point, The method of winding the Sprague motor 
field, says Mr. Higgins, is entirely different from all 
others, They are wound in three sections each; the 
control of speed is effected by different combinations 
of these coils without the use of wasteful resistances. 
The consequence is that the cost of coal per car is less 
than with any other system. Mr. Higgins does not 
seem to be aware that all these points, which render the 
Sprague system so superior, were invented and applied 
_ by Mr. A. Reckenzaun long before, as can be readily 
seen by Mr. Reckenzaun’s patent specifications, 1882 to 
1885, as well as by numerous papers read, and articles 
in scientific journals. The claim to the conception of 
the under running trolley, Mr. Higgins believes, is dis- 
puted, and presumes that it is one of those early con- 
trivances which may have been brought out by others 
at the same time. It has been adopted everywhere, and 
is the only true way of getting at the root of the matter. 
Since August Ist, Mr. Edison had been devoting his 
entire attention to some changes in the motor. They 
referred merely to mechanical details. The fields of 
the motor are now spread slightly, so as to allow of 
more wire on the cores. The gears have been widened, 
but the most important advance which has recently 
been made in electrical railway work is the adoption 
of the new style of winding the armatures, The old 
armatures were wound in accordance with what is 
called the Siemens method ; the wires at the ends of 
the armature are in a bunch, crossing and recrossing 
each other, and not being firmly fastened in place, 
there is necessarily some chance for the play of wires, 
and this results in the armatures frequently burning 
out. The first effect of this method is that there may 
be a maximum pressure wire touching a zero pressure 
wire, and the slight motion between these two will 
cause the insulation to become abraded, and a short 
circuit follows. In the new armatures the coils are 
wound separately, and there is no bunching of wires at 
the ends. No definite description of the winding is 
given ; but if the “dram” armature is adhered to, we 
presume the ends will be arranged on a plan similar to 
that devised by Mr. Crompton for his dynamos. 
. Mr. Norman McCarty, of the Thomson-Houston Com- 
purs mentioned that his firm had long recognised the 


an electrical as a mechanical problem. They use plain 


hat the electrical railway apparatus is not so much 


_ geries-wound field magnets, and have made up their 
- minds that it is a good deal better to spend a little more 


for coal, and avoid wear and tear. This company uses 
the much-abused rheostat, which has the advantage that 


the car can be started without a jar. Regarding line 


construction, the Thomson-Houston Company is not 


limited by any patent, the method of construction 
varying with the conditions of the circuit. There is a 


patent on a system by which the line is fed at regular 
oe ; there is no patent onthe ordinary system 
used. | 
Interrogated by Mr. Richardson, Mr. McCarty stated 
that he could not explain the superiority of the Thom- 
son-Houston system over the Sprague system without 
criticising the latter. 
trucks were heavier, the motors heavier and stronger 
built, the gears were wider, and electrical complications 


were eliminated. He did not cafe about electrical 
theories so much as mechanical perfection, and that — 


was the secret of his company’s success. 

Mr. Richardson asked purely for information, as he 
represented several tramway companies which were 
contemplating the purchase of electrical apparatus, and 
had not purchased a thing yet. He called attention to 
the fact that a leading Boston newspaper sent out letters 


asking for information from all cities in which electric 


railways were operated, enquiring what systems they 
used, whether there had been any loss of life in con- 
nection with the wires, whether there was any objec- 
tion to the overhead system on the part of the public, 
and. what had been the effect on the street railway 
service of the particular locality. Answers had been 
published, so far as received, from 64 different places, 
and all but four of them were favourable to electricity. 
Nashville, Tenn., was the only place where there was 
any loss of life reported. and the answer from that 
place was very amusing. There had been a wire broken 
in the city, causing the death of a horse, and a negro 
woman caught up the wire and threw it over, and it 
gave her a shock that was very funny in its effects, but 
did her no injury. It killed the horse, but it did not 
kill the woman, going to show that it is easier to kill 
a horse than it is to kill a human being, especially 
a “ nigger.” | 

Another objection came from Newport, R.I., where 
the “upper ten” were objecting tg anything which 
should popularise riding. _ 

Mr. F. R. Chinnock, in referring to complaints on the 
part of telephone companies, said that the simple way 
to prevent induction caused by electric railway wires 
is to provide a return metallic circuit; but suggests 
that the telephone people should go to this expense. _ 


BRITISH ASSOCIATION FOR THE ADVANCE, 
MENT OF SCIENCE.—LEEDS, 1890. 


SIR WILLIAM THOMSON’S NEW . ELECTRICITY 
METER. | 


(Read before Section G, September 8th, 1890.) 


Tais instrument forms at once an indicator, by which the strength 
of current passing at any given instant can be read off on a scale, 
and a supply meter, by which the amount of current that has 
passed through the meter during any given time is recorded on a 
train of counting wheels. 

The indicator consists of a light aluminium frame, free to turn 
about a horizontal axis, having at its top end a coil of fine copper 
wire, c, and at its lower extremity a train of counting wheels, w. 
The frame is supported on knife edges, and a current is conducted 
into and out of the fine wire coil by two spirals of fine copper wire, 
H. The resistance of this coil is about 30 ohms and it is joined in 
series with an anti-inductive platinoid resistance, k, of 970 ohms. 
When the meter is in action a small current is kept passing 
through this circuit. The whole current to be measured is con- 
ducted through a fixed coil, c, of copper ribbon, which is placed 
with its plane parallel to the plane of the fine wire coil when the 
latter is in its zero position. A scale, s, divided to give readings 
in ampéres is stacked to the indicator, on which the strength of 
current passing through the fixed coil can be read off by means of 
an index fixed to the case of the instrument. | 
The recording apparatus consists of the train of counting 


* 
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wheels, w, mentioned above and a revolving cam, K, driven by clock- . 


work which is kept in motion by a weight, w. The cam is kept 
revolving at a uniform rate, and, when a current is passing 
through the instrument, comes in contact at each revolution with 
a trailing wheel attached to the counting train which it causes to 
turn round ; and so makes a record. 

The action of the meter may be shortly stated as follows :— 


When no current is passing the indicator stands at 0 on the scale, | 


8, the movable coil is about 1 millimetre from the fixed one, and 
the trailing wheel of the counter train is quite clear of the cam, 
80 that no record can possibly be made. When a current is terre | 
through the fixed coil, the top end of the indicator is repelle 
outwards, fand the counting train of wheels is brought inwards 
towards the cam to a position depending upon the strength of 
current which can be read off on the scale. In this position, at the 
proper time of the revolution, the trailing wheel is lifted by the 
cam, and runs over a shorter or longer path in proportion to the 
strength of current passing. Thus, if the current passing through 
the fixed coil be 5 ampères the counting wheels might record 20 for 
every revolution of the cam, whereas were the current 10 ampères 
the trailing wheel would roll over twice as long a path and the 
record would be 40, 


Two screwed rods are so attached to the indicator that one, x, is 
vertical, and the other, y, is horizontal when the beam is in its 
zero position. These rods are provided with adjustable nuts— 
those on the vertical being to adjust the sensibility of the instru- 
ment, while those on the horizontal rod are for the adjustment of 
the zero. By means of the former the constant of the meter can 
be quickly varied if found convenient. Thus a meter which is 
suitable for measurement from 1 to 20 lamps can be altered ina 
few minutes to suit ranges of from 1 to 50 or from 1 to 100 lamps. 
This adjustment can be made by an inspector without the use of 
any auxiliary instrument. All that has to be done is to hang 
on aweight of a given amount on the knife-edge stirrup at the 
end of the horizontal arm and raise or lower the nuts on the verti- 
cal arm till the indicator shows a given reading on its scale. 


By gr means also the constant of the-meter can be checked at 
any time. 

As at present arranged the driving weight needs to be wound 
up periodically by means of a revolving disc on the front of the 
case. It is intended that this should be done by the consumer, 
and an arrangement is made by which the current is automatically 
cut off from the house when the weight is allowed to run down. 
Precautions are also taken to prevent any fraudulent tampering 
with the instrument, 


ON THE VALUES OF CERTAIN STANDARD RESISTANCE — 


COILS. 
By R. T. GLAZEBROOK, F.R.S. 
(Presented to Section A, September 9th.) 


THe Standard B.A. units of the Association have during the year 
been several times compared together both by the secretary and 
by Mr. Fitzpatrick. Table I. gives the results of two sets of com- 
parisons made in August, 1890. The differences between the 
various coils and the platinum silver standard Flat are given in 
the third column in bridge-wire divisions. One bridge-wire 
division is very nearly ‘00005 B.A. unit. _ 


TABLE I, 


Resistance of the B.A. Standards, August, 1890, 


Vifference between each coil 
Change of 
Coil. | Temperature. |___ her 
Observed From chart. bw.d. 
Aug. 1, 1:90, 1888. 
A 172 : 380 — 53 28°6 
B 17°4 805. 0‘0 28'8 
C 17°6 222 23°0 — 08 14°2 
D 17°25 61:2. 63°5 — 23 61°7 
E 17°3 792 79°5 60°7 
F 17°3 3 2 — 95 12°7 5°7 
G 17°5 — 220 — 18:0 — 40 5°5 
H 17°4 — 17:0 — 150 — 20 5°6 
| August 19 
A 67°5 69°5 — 20 28°6 
17°8 60°6 62°0 — 14 . 28'8 
192 316 4°4, 142 
D 18'8 1457 | 151 61:7 
190 1706 17:38 . 2°4 60°7 
F 18°9 29 — 95 12°4 57 
G 190 — 218 —180 — 38 5°5 
H 190 — 177 | — 150 — 27 5°6 


In the fourth column are given the corresponding differences 
obtained from the chart made in 1888. In the next column will 
be found the differences between the observed values and those 
given by the chart, while the sixth column gives the change in 
resistance for 1° C. for the various coils. It will be seen that for 
the first five coils the differences between observation and the 
chart are such as would be readily accounted for by a small error 
in the temperature, and we may say that there is no evidence of a 


change in the resistance of these coils relative to Flat. This con- 
clusion is borne out by the results of a series of observations made — 


in January and February by Mr. Fitzpatrick, But when we come 
to the three platinum silver standards, F, G, H, the results are at 
once seen to be quite different. Thus F would appear to have 
risen relatively to Flat by about 12°5 bridge-wire divisions, while 
G and H have fallen by 4 and 2:5 divisions respectively. 

Since these are the most important standards, their temperature 
coefficients being all very small, it was necessary to examine their 
history with some care. A change in F had been noted in a post- 
script to the report for 1888. The general conclusions of that 
Report were that up to the summer of 1888 there had been no 
change in the value of the coils. It was shown that all the 
original platinum silver coils examined then—those of Messrs. 
Elliott, H. A. Taylor, and others, as well as those belonging to the 
committee—had apparently fallen in value relatively to the mean 
B.A. unit by about ‘0007 B.A.U. since 1867, but evidence was 
adduced to show that the fall was only apparent and was due to 
an error in the temperature coefficient used at that date. A 
single observation of Chrystal in 1876 pointed to the possibility 
of a change in F, but that change was not confirmed by other 
evidence ; while so far as.the platinum silver coils were concerned, 
the observations of Dr. Fleming in 1881, and myself in 1888, 
agreed closely. | 

. Since 1888, however, changes have shown themselves. 
These are evidenced by the three following tables IL., 11I., and 


-‘IV., which give the differences Flat-F, Flat-G, and Flat-H re- 


spectively, 
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IL—Value of Flat-F. 


Date. Temperature. Value 
10°0 10°5 

1888 15°0 95 

20:0 8'°5 4 
May 16, 1888 148 9°0 
July 2» gee 0°0 30 
July 8, » 14°8 3"8 
July 13, ” eee rr) 14°2 4°2 
July 13, LA eee 3°3 
July 16, » 147 3°3 
July 28, ; 16°7 4°2 
Jan. 27, 1890 ... 10°0 —4:0 
Aug.15, ;, és —3'2 
Aug.29, 5,5 see 16°7 —30 
TagLe IIL.—Value of Flat-G. 

Date. Temperature. Value. 
100 
Chart 1888 15°0 18:0 
| | 20 0 18:55 
July, 1888 14°6 16:6 
Jam, 37, 1000... 10-0 16°9 
June 10, ,, 16°0 21°4 
Junell, ,, 16°0 222 
Junel2, ,, 16:0 22°2 
Junel3,_,; ‘ 16:0 22°2 
Aug. 9, ,, 19-0 21°8 
Aug.15, ,, 17:0 228. 
Aug.29, ,, 165 22°6 
165 22°5 

IV.—Value of Flat-H. 
Date. Temperature. Value 
10:0 15°5. 

Chart 1888 ... 15:0 15°5 
20°0 15°5 
Jan. 27, 1890... we 10°0 17°5 
oan. 4°5 17°5 
6:0 16°5 
May 31, ,, … 141 18:3 
à 177 
13, 16:0 16°4 
June 13, ,, … 160 16°8. 
17°4 17:0 
Aug. 28, ,, … 17-0 17°8 
164 


The three first lines in each table give the differences at the 
temperature shown taken from the chart drawn in 1888; the 
remaining lines give the differences actually observed, with the 
dates and temperatures. Thus, taking the various coils, it is 
clear that while up to May, 1888, the difference between Flat and 
F remained the same as shown by -the chart and observations up 
to that date, a change took place during the low temperature 
observations in July, 1888, while by the time the coils were again 
examined in January, 1890, a further change had manifested 
itself, This continues up to the present date, so that now at tem- 
perature of about 15 deg. the coil F has increased in resistance 
relatively to Flat by about 127 bridge-wire divisions. This, 
assuming the whole change to be in F, will correspond to a rise of 
resistance of ‘00063 B.A. units, or, in other words, the tempera- 
ture at which the coil is right has fallen by about 23° In 
January, 1890, the coils were again exposed to a low temperature, 
and it seems probable that the changes took place when the coils 
were in ice. | | 

Turning now to Table III., which gives the values of Flat-G, 
we see there is no evidence.of change till May, 1890. The obser- 
vations in July, 1888, and Janu rand February, 1890, are quite 
in accordance with the chart, but in May, 1890, it is clear that G 
has fallen relative to Flat. 

... The value of the difference at a temperature of 16° is 22-1 b.w.d. 


as against 18°1 given by the chart. Thus G has fallen relatively 
to Flat by 4 b.w.d., or ‘0002 B.A. units. This change was first 


_ observed after the coils had been -exposed to a low temperature. 


With regard to H the change first showed itself during the low | 


temperature observations in January and February, 1890, and 
Table IV. indicates that the difference between Flat and H is now 
17°5 divisions as against 15°5 in 1888, or in other words, that G 
has fallen by ‘0001 B.A. unit. Also since Flat-F changed in 1888, 


while Flat-G and Flat-H did not, we infer that the change at that: _ 


date was in F, not in Flat, while since Flat-H changed in January, 
1890, without a change in Flat-G, it appears that the change was 
in H, not in Flat ; and finally, from the observations in May, 1890, 
which show.a change in Flat-G, but none in Flat-H and Flat-F, we 
infer a change in G. 
‘As to the cause of these changes, wé can say but little. We 
hope to investigate them more completely by the aid of the coils ' 
lent by Mr. H. A. Taylor and others, and referred to in the 1888 
Report; but it seems possible that they are due to strains set up 
in the wire by the great contractions and expansions produced by | 
cooling and heating in the paraffin in which the coils are embedded. 
The coil Flat is of a different shape to the others and little or no 
paraffin has been used in its construction. The other coils, F, G; 
H, are embedded in paraffin in the usual way. On cooling down: 


_ to 0°, this shrinks greatly, and it is quite conceivable that this 


Date, flandard need | | value, | | pitterenoe 
Feb., 1887 F 16°3 | 100009 | 1:‘00008 ‘00001 
Nov., 1889 | G 158 ‘99997 . "99996 ‘00001 

” 148 “99971 *99968 ‘00003 
” 16:0 “99998 1:00000 ‘00002 
Dec., 1889 Flat 14°4 ‘99962 ‘99959 ‘00003 

” ” 14°8 ‘99969 ‘99968 ‘00001 

,, ” 13°2 99925 "99924 ‘00001 

6:2 99744 ‘99735 ‘00009 
5°7 99729 ‘99720 ‘90009 
TABLE VI.—Results for C.L.C. 101. 

Date. | in comparioon. | pereture,| chartam Different. 
Feb., ’87 16°3 ‘99970 ‘99930 ‘00040 
Nov., 89 G ‘99955 ‘99920 ‘00035 

15°1 ‘99932 ‘99899 ‘00033 

160 "99955 ‘99922 | ‘00033 
Dec., °89 Flat 144 ‘99909 ‘99880 ‘00029 

15:0 ‘992925 ‘99897 00028 , 

13:38 °99879 ‘99850 ‘00029 

‘99725 ‘99695 ‘00030 
6'5 ‘99701 ‘99668 ‘00033 


shrinkage may have strained the coils and so caused the change. ' 
We hope to test this by having coils made free from paraffin and in- 


vestigating with them the effects of repeated heating and cooling. 


The fall of H and G would be accounted for by a loss of insulation. 
causing a slight leak either from the wire to the case or across the 
surface of the paraffin. The insulation resistance for F, G, H, was 
therefore tested and found ‘in ‘éach case to be several thousand 
megohms, while the surface of the paraffin which had become dirty: 
with time, was scraped, but without producing any change in the 
on A leak, of course, would not produce the rise found’ 
| 
_ Observations of the coils at 0° have always been unsatisfactory’ 
and attended with considerable ‘difficulty. This is mainly due, I 


believe, to the fact that the temperature of the room in which the — 


observations have been made has usually been above zero, and 
that heat is conducted into the coils by the thick copper connect- 
ing rods. It would seem possible, however, that part of the diffi- 
culty (See Report of the Committee for 1888, Table VII.) may 
have been due to real changes in the resistance arising from 
strains set up by the cooling. : À 


The Legal Ohm Standards. 


The results of observations on the legal ohm standards of the 
Association are given in the Report for 1886. Experiments made 
in these between July, 1884, and January, 1886, showed that while 
one coil, C.L.C. 100, had retained its value unchanged, the other, 
C.L.C. 101, had varied. These observations have been continued, 
and the results are given in the following tables, which give the 
value of each coil as found by direct comparison with the standard 
B.A. units, and its value as given by the chart in 1886. 3 


TABLE V.—Results for C.L.C. 100. 


_ These tables show three facts conclusively :—(1) That up to 
December, 1889, no appreciable change had taken place in the 
relative values of C.L.C. 100—the legal ohm standard—and Flat 
or G; (2) that between January, 1886, and February, 1887, C.L.C. 
101, which had varied previously, changed by about ‘0004 ohms ; 
and (3) that the greater part of that change has remained per- 
manent up to December, 1889. At present the difference between 
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C.L.C. 100 and C.L.C. 101 is about ‘0004; in 1886 it was about 
‘0008. The agreement between the observations in November and 
December, 1889—in one set of which Flat was the standard of 
comparison, while in the other G was used—show that the relative 
change in G and Flat took place after this date. 


DISCUSSION ON THE REPORT OF THE COMMITTEE 

| ON STANDARDS. 

| _ (Tuesday, September 9th, 1890.) 

Tax followin discussion took place on the report of the com- 
and M 


mittee, and the papers by Prof. Fitzpatrick essrs. Glaze- 
brook and Griffiths :— ! 


Prof. FirzGzRatp said that he did not understand whether an 


attempt had been made to anneal the specimen of copper that gave 


abnormal copper, whose pro 
nected with this. He would like to find out where specimens 
could be got. 

Dr. FLEmMING answered the questions of Prof. FitzGerald, stating 
that he had obtained the copper from Mr. Elmore. — 

Mr. Swinspuene remarked that in some American books, for 
instance, they gave a figure something like 784 as the most recent 
determination. But if there was any chance of an error of 4 or 5 
per cent. in that, he thought it would be important to determine 


it 
i. Sukie said that one question raised seemed important in 
connection with in the coils, and that was the strains 


taking place in the wires as they were usually wound. Paraffin . 


expanded and contracted during heating, and he was inclined to 

think that it would be better to use liquid paraffin. He was 
- sure the members of the section fully appreciated the value 
of the work that Mr. Glazebrook was doing in keeping a 
careful watch on those coils for slow changes. Those coils 
constituted standards for all the world, and it was most 
important that a watch should be kept on them to detect 
normal changes. It was a most unfortunate fact that the standards 


were made of complicated alloys. The simple metals which would | 


be better adapted for permanent standards having very high tem- 

perature coefficients. Some experiments had been pa ds | out in 

the United States on alloys. One of these alloys was compounded 

some time ago by Mr. Weston, and Dr. Nicholls has published a 

paper on the matter. The alloys consist of copper nickel and 
erro- 


ese, and have a negative coefficient with change of | 


resistance with temperature. It had been found that by suitable 
combination of these alloys it was possible to have an alloy that 
did not change its temperature. Unfortunately, however, these 
ferro-manganese alloys were not at all likely to be used, because 


they changed their resistance with small currents. His acquaint- | 


ance with coil & had ceased for some time, but he had some recol- 
lection that that gold and silver coil gave them some anxiety. So 
far as he could follow Mr. Glazebrook, however, it was the coil Fr 
(platinum-silver) that had changed so much. This seemed to 
point to the necessity for more careful investigation of the chan 

of resistance and losses with time was required. With ot to 
the method of testing capacity with a revolving commutator, he 
had made experiments some years with satisfactory results. 
The commutator was driven by an electro-motor being keyed on 
to the motor shaft. — 

Sir Wu. Tuomson was glad that Dr. Fleming had called atten- 
tion to the loss of negative temperature coefficient, and said that it 
would be interesting for the section to know that the subject was 
under examination in Dr. Helmholtz’s laboratory. If there was 
’ no temperature variation, they might soon hope to see coils in 

which they would not be troubled with any temperature error. 

Mr. TROTTER said that since the B.A. Committee were deali 
with the resistance of copper, it might be important to determine 
what was meant by copper. Tempering produced a very large 
change, and the expression “ thorough tempered ” was ‘oad. But 
surely, if tempering did produce any change, they ought to know 
what was meant by “ thorough tempering.” It was perfectly well 
known that ordinary commercial copper contained a considerable 
amount of oxygen. The question arose, What amount of oxygen 
or hydrogen might be occluded in rs fg sr copper. It was not a 
purely chemical question, and should be determined. _ 

Sir Wau. THomson remarked that the time occupied in thorough 
tempering was important. It might extend over hours, days or 
weeks, and might produce very different results. 

Prof. FrrzGERALD said. that that fact seemed to make the 
difference between pure and impure metals. 

Mr. GLAZEBROOK said that the numbers in Table II. gave the 


resistance of the same wire that had been tested there after it 


had been annealed. In the one column they had the resistance of 
hard-drawn wire, and in the othcr after annealing. The anneal- 
ing was done by enclosing the wire in a flat copper case, packed 
full of asbestos and lampblack, heating it with a Bunsen burner, 
and leaving it for 24 to 26 hours. In every case the numbers in 
the table gave the results of more than one annealing. The pro- 
cess of annealing was repeated again and again, and the numbers 
ch the mean result of as perfect annealing as could be arranged 


or. | 
Sir Wau. THomson suggested that the use of Jampblack and the 
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consequent presence of carbon might have a very important effect 
on the result, and he thought it would be well to try annealing 
with asbestos alone. 

Dr. Lopes asked whether the section were to run away with 
the idea that there was ri | the matter with the platinum. 
silver alloy. Mr. Glazebrook had told them that the platinum. 
silver coil might be all right, but coil r had ; fe would 
pret know whether it changed by more one part in 

- Prof. Perry remarked that in some observations which he had. 
recently been making on wires, strips of the same wire, after being 
flattened and twisted, behaved in such a different way as regards 
their elasticity that they might almost be thought to be made of 
different material. 

Lord RayLæi@n, in connection with the impurities of copper, 
mentioned some experience he had gained during. last summer, 
In passing pure hydrogen over copper wires at a red heat, he found 
that the gas reeked of sulphuretted hydrogen. It was impossible 
to get copper that did not give off sulphur. When the wires were 
taken out after heating, 4 were rues | brittle, suggesting 
the idea that the removal of the sulphur been fatal to their 
mechanical properties. | | 

Mr. SEARLE having described the methods he had adonted for 
rotating the commutator, . 

Mr. Guazesroox replied to the questions and suggestions that 
had been made. With regard to what had been said as to anneal- : 
ing, he was afraid that in endeavouring to be brief, he had not 
been quite just to the very great care Mr. Fitzpatrick had taken 
on this point. There was a great feeling among copper manufac- 
turers that a small amount of oxide was n to give densi 
to copper wire, and there was a certain amount of oxide in 
copper. The original reason why it was annealed in charcoal was 
to get rid of that oxide, and he fancied that in almost all cases 
the wire did turn out brittle. At the same time it came out 
with a very much reduced resistance. In Mr. Fitzpatrick’s method 
of preparing the copper, the hydrogen was passed over the cop 


at a red heat for a considerable number of hours. Mr. Fitzpatrick 


had a specimen of copper prepared by chemical means, the results 
of observations on which he had hoped to have had there that day, 
had not the breaking of a tube (obtainable only in Germany) post- 


 poned the reduction and purification of the a another 


could be got. But he fancied the copper did me distinctly 
brittle, and lose its density when the -sulphur was got rid cf. As | 
to Mr. Taylor’s remarks about Matthiessen’s knowledge of the 
temperature coefficient, he had his formula. there, and he thought 
the number was obtained by ranging from 16 to 100. He had not 
been able to find any observations of Matthiessen lower than 16; 
if Mr. Taylor had numbers nearer 0, they would be extremely 
valuable to the report. Dr. Fleming had referred to the point he 
(Mr. Glazebrook) raised as to the effects of mechanical strain. It 
would be in the memory of the section that in the last clause of 
the report he asked for further resistance coils. It was his inten- 
tion to wind these entirely without paraffin. As to the loss with 
negative temperature coefficient, they had been in communication 
with the Helmholtz laboratory, and they hoped to have specimens 
of wires before long. With regard to the platinum silver alloy, 
his impression was that there had been no change in the alloy, but 
that a mechanical change had been produced by strain, and he 
hoped that any electricians who had old coils of the Association 
would lend them to him again that he might compare them, and 
see if there had been any change. The amount of change in F 


was a rise of 
+ °0007 B.A. unit. 
& — ‘0002 do. 
H — ‘0001 do. ' 


He thought Prof. P 8 remarks entirely bore out his experi- 
ments. Mr. Searle said he had only taken a subsidiary part in the 
matter, but he made the commutator, and made it work, and that 
was of great importance. 

-The PRESIDENT (Dr. Glaisher) congratulated Mr. Glazebrook on 
the satisfactory nature of the report. 


ON THE ELECTROSTATIC FORCE BETWEEN CON- 
DUCTORS CONVEYING STEADY OR TRANSIENT 
CURRENTS. 


By Dr. Ouver Lopas. 
(Presented to the A Section, September 9th, 1890.) 
Ar the last meeting of the Physical Society this session, Mr. 


‘Boys described some attempts he had made to detect mechanical 


force between a pair of Hertz resonators delicately suspended 
and immersed in a region of electromagnetic waves. 

The attempt, so far, had not been successful ; but Mr. Boys, by 
attending to the energy manifested by Mr. Gregory’s method, and 
by another method of his own, showed good reason why the force, 
if any, was just too small to be observed even with his extremely 
delicate appliances, and conjectured that a moderate increase 10 
sensitiveness would be necessary in order to detect the effect. 

Every one must have full confidence that if any such mecha- 
nical effect exists, Mr. Boys will show it us before long; but, in 
common with Prof. Fitzgerald, I feel provisionally and tentatively 
doubtful whether any mechanical effect really exists between 
electric pulses travelling along wires with the velocity of light. 
Jn a wire subject to electric stationary waves there are obvious 


= 
annealing would alter it. He also asked where the copper came 
| from, because it would be interesting, in connection with the com- 
| mittee that had been appointed to make experiments on this 
| 
| 
| 
| — 
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| | 
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electrostatic pulses at either end and electrokinetic pulses in the 
middle: but Mr. Boys had allowed for all that, and arranged that 
the opposing effects of ends and middle should conspire to assist 
each other in causing rotation. What I felt doubtful about was, 
whether even in infinite wires, wherein all complication by reflec- 
tion and stationary waves was avoided, a pair of pulses travelling 
side by side, like a pair of humps (or a hump and a hollow) ona 
pair of parallel cords, would exert any force on each other. It is 
known that two charged bodies flying side by side with the 
velocity of light will exert no such effect (Mr. Heaviside has 
shown that this is equivalent to saying that two elements in the 
same wave-front exert no mechanical force on each other) ; but 
_ whether the same thing is true of two wire-conducted pulses has 
not, so far as I know, been examined by mathematicians. | 
If it should turn out that pulses at full speed have no effect, 
then two straight oscillators in similar phases should repel each 
other, by the electrostatic effect of the slackening and stationary 
pulses which are being reflected at the ends. . jé vier 
: Such an action seems optically rather interesting. Maxwell 


predicted that a reflector or absorber would be repelled by light; . 


though, as we know, the complication of the more vigorous mole- 
cular action of material surroundings prevented Mr. Crookes from 
detecting this precise effect. We know, however that it must 
exist ; and the repulsive effects between alternating magnets and 
copper discs, detected by Faraday and recently made much of in 
an interesting manner by Prof. Elihu Thomson, are examples of 
this very thing. We can even say what the stress caused by full 
sunshine re to be, viz., about 50 microbarads ;* that is, the 
weight of half a milligramme per square metre; but it has not 
yet been experimentally observed. If Mr. Boys finds his effect, at 
least if he finds it in the form I suggest, as an overbalancing static 
repulsion, it will represent an action between two sources of light 
‘or between two similarly illuminated bodies. | | 

On the afternoon of the meeting of the Physical Society, by Mr. 
Boys’s kindness, I made in a back room a hasty experiment on the 
pulses of a Leyden jar discharge, which was passed either in the 


same or in opposite directions through a pair of flexible parallel 


strips of aluminium foil, looked at through a microscope. 

A fairly distinct effect was observed, its sign being, so far as one 
could tell, the sign of the electrokinetic effect; 1.e., attraction 
between currents in the same direction, repulsion (more easily 
observed, because, as it was arranged, nearly four times as strong) 
between opposing currents. Hence it would seem, so far as this 

crude observation goes, that pulses in wires do exert their electro- 
dynamic effect. I expected, however, that, by suitably arranging 


matters, the electrostatic effect of the pulses could be made able | 
to overpower their electro-magnetic effect. It is perhaps rather a | 


_ barbarous plan to consider the two things separately ; but until some 
one attacks the problem in a powerful manner I have been inte- 
rested in groping at it, and accordingly make this communication. 
First, consider the action of currents in general on each other, 
and find the ratio between their electrostatic and electrokinetic 
forces. So far as I know, the electrostatic force between two 
steady currents is usually overlooked. ! 

_No advantage in generality is gained by treating two separate 
circuits, a movable portion arranged near a fixed portion of one 
and the same circuit is sufficient. | | | 
'. "Arrange a short length, l, at a distance, a, from a long parallel 

- conductor; with a resistance, R, intervening between o and Pp, the 

middle opposite points of each ; and through the whole send a cur- 
rent, Cc, up one and down the other. 


0 
a 
t 
/ 
* / 
R 


- 


Then the difference of potential between the two points is R c, 
or, with alternating currents, Pp c, where P is the impedance of the 
‘WireR; and if the capacity per unit length of the two conductors 

18 called s,, the linear density of charge on each is on the average 
A= 8 BC; a little more above o and a little less below it; but 
unless the distribution of potential differs greatly from a linear 


* Langley’s recent estimate, that a square centimetre fully ex- 
posed to sunshine receives 2°84 C.G.S. thermal units per minute, 
1s equivalent to an energy of 67 ergs per cubic metre of sunshine, 

or 67 microbarads. (A “barad” meane an erg per cubic centi- 
metre, or a dyne per square centimetre.) 


0 K r? 0 
| l 


distribution, as when 1 is comparable to a wave-length, the mean — 


value will serve. 
The electrostatic attraction between the two conductors is 


HT)1dy.\ cos 0d 8 
T Ka 


ZANT 2 


Unless one of the conductors is very long there is another term, 
which, however, it is unnecessary to write. | 
The electrokinetic repulsion between the same conductors is 
similarly | 
va} 


| Steady Currents. 


Hence with steady currents the ratio of the static attraction to 


the magnetic repulsion is 


2 po 


Gl 
- 


which on every possible system of units is a pure number. 
To get a notion of its value, suppose the wires to be round and 


of radius p; then k 
/ 
= K 4 log 
80, remembering that 
| 30 ohms\? 
aK (the velocity of light) : 
we see that the above numerical ratio is 


( number of ohms in the wire 
(4 
| 120 log 


Suppose, for instance, the wires were 50 diameters apart, or 


- 4 log a/p = 18°4, the two forces would be equal, and just balance 


each other, if R was 552 ohms. | Le 
With any resistance greater than this the electrostatic force 

would have the advantage, and two opposite currents in the given 

wires would attract. 


Alternating Currents. 


If the current used is an alternating one, impedance must be 


inserted in (1) and (3) instead of resistance: no other change is 
necessary. Hence an impedance meter suggests itself. Send a 


current alternating with given frequency through the pair of con- 
ductors joined by the impedance to be measured, and either adjust 


‘ 8, until the electrostatic and electrodynamic forces balance, or 


estimate the outstanding force by a torsion arrangement. Sup- 
posing a balance could be got, the impedance of the intervening 


conductor, for the particular frequency applied, is 


2 
P= = 60 log —— ohms. 


a 
pp 
Leyden Jar Discharge. 


Next proceed to consider the transient current of a Leyden jar 
discharge round the same circuit. — ne | 

Let a jar of capacity s charged to potential v, be disc d 
round a circuit whose total resistance and inductance are Ry and Ly 


respectively. Then the current at any instant after the discharge 
has begun is | | He 
“as! sin pt; where m 2 1,7 aud m + p’ 


SL 
The electrodynamic repulsion between the two wires previously 


considered, when the discharge occurs, is, therefore, applying (2), 
an impulse :— Fr 


2 pl Gi 
‘= e . Sn pt.dt 
VW L 


| (4) 

To investigate the electrostatic attraction completely we should 
have to take into account the sinuous distribution of potential in 
space over the circuit; but, unless the waves are-much shorter 


- than usual, the ultimate effect on a short length will be very little — 
different from the effect of a uniform potential alternating 


sinuously in time, the difference of, potential at any instant 
between the fixed and movable wire being 


V= PC, 


where Pp is the impedance of the intervening portion of the circuit. 


- + Henge the electrostatic impulse is, by (1), 


D 


| 
| 
} 
£ 
| 
| 
. 
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And the ratio of the two impulses is 
© 


~ pK 


1 Ro \? 
Now = + where = — (st). 


So, noticing that R/R, = L/LQ as nearly as we please, 
L /L 


The second term is frequently negligible, though there is no 


difficulty in taking it into account if it is not ; so the ratio of the 


impulses, at ite least is 
(6) 
The first of these three numerical factors depends merely on 
the shape of the acting conductors and their distance apart: The 
second is a proper fraction which may be made as near unity as we 
choose. The third involves a comparison between the electro- 
magnetic measure of inductance of the wire included in the circuit, 
and the electrostatic measure of capacity of the discharged 
Leyden jar. 
Taking as an example the same round wire conductor as 
before, with 
| 8 = 
4 log a 18°4 
p | 
and considering for instance, we perceive that 


the two impulses will be equal and just balance each other if the 
length representing L on the magnetic system of units be 400 


times as great as the length representing s on the electrostatic 


system. Any wie longer than this gives attraction the advan- 
tage ; any wire shorter than this favours repulsion. 

Or, with different jars discharging round a given circuit, small 
jars will exhibit the electrostatic impulse, big ones the elec- 
trokinetic. 

Illustrating numerically still further; a length of 30 metres of 
No. 16 copper wire opened out into a single large loop has a self- 


induction of 500 ‘‘ metres” or 50 micro-secohms. Using this as 


the wire rk between the two suspended conductors, the critical 
sized Leyden jar which should excite no force when discharged 
through them is about 1} “metres” or ‘00014 microfarad ; 1.¢., 
smaller than the ordinary ‘‘ pint ”’ size. 
With the help of an adjustable condenser, an instrument for 
measuring the i of well-insulated coils free from iron suggests 


itself here. 


Ribbon Conductors. 


If strips are used instead of round wires for the movable con- 
ductor, the electrostatic effect has an artificial advantage given it : 
for take a pair of similar strips, of length 1, breadth b, and distance 
apart a, the force caused by a current c flowing through them 
with uniform intensity everywhere is easily calculated to be 


a 


- a tan a tan’ a 


where a is an angle whose tangent is b/a. 
The quantity in brackets has a maximum value 3 when « = 0, 
i.e., when the plates are far apart enough for their shape to be 
immaterial ; and its value decreases steadily towards: zero, viz., 
; æ cot og a approaches 90°; the whole becoming ultimately 
wp Ci - Cl. 
As for the electrostatic force between strips, I do not know how 
far we are justified in assuming uniform distribution of density, 


even if given uniform distribution of current; but at least when 


. the plates are close together the forcé will not be very different 


from | 
| | 2 
pu . Ge c)?; 
the value of s, being , a’ | 
So the ratio of the forces for large close plates is 
K (No.of ohms in impedance of wire\? 
* \ 129 a/b 


'_ Hence with strips six times as broad as their distance apart 
the forces will balance for a steady current when the interposed 
wire is only 60 ohms resistance. : 


Measure of v.”’ 
In applying an experimental observation of this kind to a 


determination of the product of the æther constants p, K, (and it *' 


just strikes me that it is afterall only a modification of the method 


itself a little, becoming 


their action was to be observ 


the electrostatic intensity is 


parallel stationary wires. Their 


by which Maxwell himself made one of the early determinations), 
it will be better to use round wires rather than strips, . because 
linear dimensions then come in only under a logarithm, and 
moreover are such as can be measured with considerable accuracy 
without difficulty. Some of Mr. Boys’s quartz-fibre and aluminium 
tube devices ought to permit the zero of force to be sharply got, 
and thus a good measure of “v” to be made. it sed 
We should have to observe very exactly the neutralisation of 
all foree between the suspended and fixed conductors while a steady 
current was passing through them, with an interposed wire of 
known resistance, and then use the relation (3) or (3’) in the form 
or | 


Fr 4 log © 


‘If the acting conductors are set very near each other, a being : 
still the distance between their centres, the denominator alters 


# 


2 4 
2 log 4 p*), 


with an easy additional complication if it is convenient to make 


the sectional radii unequal.* 


By filling the vessel containing the acting conductors with 
other insulating media, it is possible that the “ v ” for them could 


Action of Moving Charges and Pulses. a “4 | 


So far I have not taken into account the sinuosity of distributi 
of Leyden jar discharges in space, nor the possibility of pulses 


- passing the two portions of the circuit between which the force is 


being observed at different times or in different phases. ‘It would 
seem as if a small assemblage of short-waved pulses sent round a 


-long circuit might be prevented from exerting any mechanical 


action on each other if the adjacent parts of the circuit in which 
| were purposely separated by an 
intervening length of wire of many wave'lengths unsymmetrically 


‘introduced ‘into the circuit. But before committing myself I 


should like to make a few experiments. Nevertheless I am 


tempted to go on a little further. — 


If, instead of considering pulses rushing along stationary wires, 
we consider charged wires moving along endways with the speed 
of light, Mr. Heaviside has attacked the general problem in the 
Philosophical Magazine for April, 1889. He there shows that 
between two : planes perpendicular to a wire thus moving and 
moving with it at a distance apart equal to the length of the wire, 


2A, 
and the magnetic intensity is 
H = 2X4, 
r 


where à, the linear density, may be distributed anyhow on the 


wire. Outside these two planes the force is zero. 

If the two intensities were to act, one on a stationary charge of 
any number of electrostatic units, the other on a stationary 
magnetic pole of the same number of magnetic units, the two 
forces would be equal. If they act on a wire conveying a steady 


current, and charged up to a certain linear density, the forces will 


_ be equal when the statica) measure of density is equal to the 


magnetic measure of current, i.e., when c = v y; for then 
EX = H/C. 
Lastly, if the two forces due to one bit of charged wire, moving 


in its own line with the speed of light, act on another similarly 
moving piece, the current equivalent to the second wire will be 


v \’; and again there will be an equality between electrostatic and 


electrokinetic forces ; 
, 2Av , 
Not by any different A, or by any rearrangement of À, can the 
balance be disturbed : only by a different r. If either wire moves 
with velocity less than that of light, the electrostatic force ôver- 
powers the other, but, so long as the full velocity is maintained, the 
density on either wire may have any value, positive or negative 
without disturbing the balance ; and this is natural enough, when, 
as here, À and c vary together ; for if À be zero or negative any- 
where, c is also zero and negative, and the balance persists. 

Now proceed to the case of alternating pulses travelling along 

d of travel’ is the speed of 

light, and though the distribution of both density and current 
is sinuous there is nothing in; that disturbing to a balance; 
moreover, so long as the waves;are freely progressive, À and ¢ 
still accompany each other exactly, and nothing but a balance will 
be observed in a closed circuit, however, the phases operating in 
the acting portions be altered, if the right proportion holds 
between the current and the potential, as already calculated. _ 

But if by reflection. at distant unjoined ends of an open circuit 


the pulses be turned from progressive into stationary waves, then 


* See Foster and Lodge, Phil, Mag. J une, 1875, Pp. 456. 


| resistance of wire estpressed as a velocity (7). 
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localities can be found on the wires at which attraction or repul- 
sion permanently occurs; for À and c are no longer companions. 
the sinuous distribution of current lags a quarter period behind 
the. sinuous distribution .of charge. Hence at a given instant 
‘there will be places where the current force is a maximum and 
the static force zero; while at a quarter wave-length on either 
side the current force is zero and the static force a maximum. 
Halfway between these places only will the two forces be equal, 
but with alternate agreement and disagreement of sign. A read- 
justment of phase between the conductors will now make all the 
difference ; a shift of a quarter wave-length changing from maxi- 
mum to zero, and 4 shift of half a wave-length bringing about re- 
versal of sign. | 

_ According to allthis, therefore (if. it be correct) it follows that 
‘the simple ideas on which Mr. Boys set to work are right after all, 


and that he will detect the forces in the way he expects, 


Variation with Distance, 


A few words as to the magnitude of the effect to be expected. 
Hertz has shown (see Nature, Vol. XX XIX., p. 404) that at a rea- 
..sonable distance ‘from-a rectilinear oscillator; one or two wave 
lengths being practically sufficient, the electric force (or electro- 
motive intensity) is perpendicular to the radius vector from middle 
of oscillator, and is of magnitude . | 

2 
.sin(qp—pt).sin®; (8) 
a 
where p and 8 are the polar co-ordinates of the place, and q=2x/À. 

Calling the length of the oscillator the axis, and thé normal 
plane through its middle the equator, this means that the electric 
force is a maximum at the equator, diminishes towards the poles, 
and varies along any radius with the inverse distance from the 
centre. 

At smaller distances the law is not so simple, but at any dis- 
tance in the equatorial plane the electric oscillation is parallel to 
the oscillator, and of amplitude 


vite 


showing that close to the oscillator the electric force varies as the 
‘inverse cube of the distance, at intermediate distances more 
‘slowly, while at a very few wave-lengths (practically one is suffi- 
cient) the first term under the root overpowers the others, and the 
ordinary law of the inverse distance holds good. | 

To get an idea of the magnitude of this intensity at any con- 
siderable distance from the axis, write Q = 8 v, where v, is mea” 
sured by the length of spark employed at the oscillator, and 


FT; then the amplitude of the electric 


_ write for q° its value to! 


force is 


0 
KP.LS 


| 41 
or, as L = 21 yp (108% -1) = 2plec, say, 


v sin? 6 | 
(9) 

Take as a numerical example any convenient oscillator, say, to 
avoid unnecessary repetition of specification, the small oscillator 
drawn to scale on page 54 of the Philosophical Magazine for July, 
1889, which emits waves 1 metre long: let its constantc = 43, 
and its spark be, as there quoted, 8 millimetres, so that v, is about 
26,000 volts. Then the initial electric intensity at a distance of a 
couple of wavc-lengths in the equator is a 


a 26.000 volts 
Fo = “18 metres 


= 14'4 volts per centimetre. | 


Putting, therefore, at this distance of 2 metres a parallel wire 
half a wave-length long as receiver, it utilises 50 centimetres of 
the above electromotive force, and gives a maximum sparking 
potential of 720 volts, which corresponds to a spark-gap of about 
atenth of a millimetre between flat surfaces. ‘Chis is an upper 
estimate, because time for a quarter-period’s dissipation should be 
allowed, the result being multiplied by a dissipation factor exp. 


3X 
(- V8 1) ; where k is to be found as follows. 


Energy of Radiation. 


The mean energy of the radiation per unit volume is, as is well 
known (Maxwell, art. 793), os ; which in | the present case, 


l 
abbreviating the characteristic factor, ( lox ch at 1) or its equi- 


valent, to Cc, is, 


ELECTRICAL REVIEW. 


The energy sent per second through the sphere of radius p with 
velocity “v,” is ra 


2rpsin0.pd8, 
À 82 m p* 0° 
0 


And this is the rate at which the oscillator radiates energy during 
its activity. Comparing (11) with (10) wé see that the equatorial 
radiation exceeds the mean radiation in the proportion of 3 : 2. 

- . The difference of potential v is not constant, but decreases loga- 


rithmically according to the law | 


V = Vol Sk 


where 8 is a dissipation-coefficient of the dimension of resistance, 
and of value easily found, thus :— : 
Total energy radiated for every spark of the oscillator is 
. 21 


_ which must also equal 4 8 vy", the initial energy; hence 


R=12pv0e = 360 c* ohms. 


Taking as a numerical example the same oscillator as above, 
with c = 4} and v = 88 electrostatic units, all these values are 
easily estimated. For instance, the mean energy-of the radiation- 
per unit volume at any considerable distance r, say 2 metres, in 


the equator, is 


25 x 81 4 x 10° 


= 95 microbarads, at a distance of two metres. 

This will cause a momentary pressure on a metallic surface 

‘normally exposed to it, of 95 microdynes per square centimetre, or 
a milligram weight per square metre; and is nearly twice | 
strong as full sunshine while it lasts. - 

At 1 metre distance, I need hardly. say, the energy and pressure 
are four times as great. 

The area of energy absorbed by a fine wire linear receiver may 
be estimated roughly by finding the closeness of a grid of parallel 
wires which would just not let any radiation pass through it. 
Suppose, for instance, that a grid with wires 10 centimetres apart 

satisfies this condition; then each wiré mops up energy for a 
breadth of 5 centimetres on either side of itself. ‘The heat gene- 
rated in such a wire at each spark is | 


This, in the numerical case already taken, with = = 14 centim. 

and K vy: = (88)? dynes, gives, at a distance of 1 metre, 

3 x 590 ‘ À 


which, repeated 100 times a second by.a suitable contact-breaker, 
mé yield 3,250 ergs per second, or 1 ordinary thermal unit every 


The dissipation-factor, mentioned -at the. end of last section, is: 


e TAXE | 3 

| Attempt at further détail. | 
To work out more completely what happens when one oscillator 
is used to excite another arranged parallel to it at an equatorial 
distance r, not near enough to re-act, I suppose we may consider 


the receiver as subjected to an impressed E.M.F. given by, (8), and mi 


write down the equation to its current z at any instant, ~ 
nV Yoe-™ sin (qr—pt), (12) : 
the solution of which is given (for instance) in Lord Rayleigh’s 
* Sound,” Vol. I., p. 62. 


The heating of the receiver at each spark will be TE p'adt. 
@ 


If there be two such receivers, far enough off each other not to 
encroach on each other's field, the current attraction between 


them will be proportional to +, z;, and the static repulsion to 


Calling the right-hand side of the above equation v, and writing 


49 


n? — x? = n*,the complete solution is 


Sign cos (nt — y); 
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where v’ is the same function of t’ that vu is of t, and where 
tan y= + | 


The second term in the above, which expresses free vibrations in 
the receiver, may be made zero, because it contains the initial 
disturbance of the receiver as a factor; and the first term, which 
expresses forced vibrations, simplifies down to : 


— pt + a) — cos (qr—pt + ) 14 


where tan a = ? = and tan 8 =? =. 


— Mm 
‘If there is anything like agreement between the natural 
periods of vibrator and resonator, the first of these two terms 
overpowers the other.  . 

Another way of writing the solution is 


l'Va sin (B— @),_ mt singr— pt + B). (15) 


4rcn 


Appendix. 


It is in accordance with theory to assert that the action of two 
given magnets on each other varies inversely with the permeability 
of the medium; that the action of two currents: on each other 
varies directly as the permeability of the. medium ; and that the 
action of a current on a given magnet is independent of the pro- 
perties of the medium. | 

To avoid misunderstanding, it must be perceived that the state- 
ment refers to a given magnet, not to a magnet of numerically 
specified strength, 
guity according to the medium in which it was measured. 

Similarly, the static action between two charges is inversely as 
the dielectric constant of the medium; the action between a 
given charge moving at the approximate light speed and a given 
magnet is independent of the medium, except in so far as its pro- 
perties affect the velocity of light; while the dynamic action 
between two given charges moving together at the light speed is 
proportional to the permeability. | 
_ It may be as well to have direct experimental verification for 
some of these things. | : 


Watt v. Maxim-Weston Company, Limited—Maxim- 


Weston Company, Limited v. Watt.—On Wednesday, before 


Me Justice Vaughan Williams (vacation judge), sitting in the 
Chancery Division of the High Court of Justice, Mr. E. Morten 
applied ex parte in the above actions, which would shortly come 
before Mr. Justice North for trial, for an order for the examination 
of a witness before a special examiner. The actions involved a 
great many issues, one important thing being to unravel the deal- 
ings which had taken place in the shares of the company at the 
instance of Mr. Watt, the chairman of the company. For this 
ae oop it would be necessary to have the evidence of the stock- 

roker who carried out the transactions on the Stock Exchange 
for Mr. Watt. Information had been just received that Mr. 
‘Barnard, the stockbroker in question, was about to depart for 
America in search of sport, which was likely to keep him there for 
the next six months. That being so, it was desired to take the 
examination early next week. In the case of Bidder v. Brydges, 
the Court had held that such an order would be made where 


_ necessary for the purposes of justice. | 


His Lorpsuir said he was somewhat loth to make the order 
ex parte, but he would do so upon conditions. It was quite plain 
the examination could not be conducted effectively unless the 
other side had notice and the opportunity of being present. The 
crder would go, but would contain upon its face the condition that 
notice should forthwith be given to the other side, and that they 
should be at liberty to apply to discharge the order. , 


Woodhouse and Rawson, Limited.—A motion for 
the removal of the liquidators of this company, for the appoint- 
ment of others in their place, and to restrain further dealing with 
the assets, was in the list for hearing, but Mr. Baker stated that, 
by consent, it had been arranged that the motion should be with- 
drawn from the paper, no order being made upon it. 

His Lorpsuir acceded to the application. 


The City Lighting—The City Commissioners of 
Sewers, at the instance of the Streets Committee, on 
Tuesday, resolved to invite tenders for lighting by elec- 
tricity the western districts of the City on similar con- 
ditions to those arranged for the east and central 
districts, but intimating that should any deviation from 


such conditions favourable to the Commissioners be.. 


desired by the companies tendering, such deviation 
must be specifically set forth. 


use about that there would be some ambi- 


fortnight. 


NOTES. 


Electric Lighting in Hampshire and Sussex.—The 


electric light is making considerable progress .in 


Hampshire and Sussex. At Portsmouth, the special 
committee which has been appointed to consider 
the steps to be taken to introduce the light into 
the borough, are about to retain the services of an 
eminent electrician. 


electric light is in full operation. At Lewes last week 
a public meeting of the ratepayers was convened by the 
mayor for the purpose of considering the question of 
street lighting. A long discussion ensued, and eventu- 
ally it was determined to adjourn the matter for a 


Electric Lighting in Pemberton.—The Local Board 
of Pemberton, in Lancashire, are just now having a 
portion of their district lighted by electricity by way 
of experiment ; and it is understood that if the experi- 
ment—which will extend over two months—is of a 
satisfactory character, this means of illumination will 
be adopted in substitution for gas. Messrs. Mercier 


and Corlett, of Wigan, have put down the plant for - 


this experiment. Lighting commences at dusk and 


‘continues until 10 o’clock. nie 


Electric Lighting in Nelson.—The Gas Committee of 


the Nelson Corporation have under consideration a 


scheme for the lighting of the town by electricity 
instead of gas as at present. = | 


Lighting at Northampton,—The central station of 
the Northampton Electric Light and Power Company, 
Limited, is being erected by Messrs. Crompton and Co, 
Limited, who are also doing the wiring of the hotels, 
houses, shops, &c., to be lighted. Mains are already 


_laid in several of the streets and current will shortly be 


available. | 


The Electric Light at Exeter.—The Exeter City 


Council held a meeting on Monday to consider an 


application from the Electric Light Company and a 
recommendation from the special committee on elec- 
tric lighting that steps should be taken to obtain a 
provisional order for the Council. Mr. Alderman 
Andrew proposed : ‘ That, inasmuch as any monopoly 
of the supply of electric light was rendered impossible 
by.the Acts of 1882 and 1888, which also safeguard the 
interests of the citizens in other directions, it is not 
desirable that the Council should take steps to obtain a 
provisional order until it has ascertained what arrange- 


ments can be made with the existing Electric Light 


Company for the optional purchase by the Council of 
their works at shorter specified periods than 42 years.” 
He reiterated a statement which he had previously 
made, that if the Authority obtained the necessary 
powers from the Board of Trade it would cost them 
£30,000. Mr. Pope seconded the amendment, which, 
after a discussion, was adopted by 28 votes to 13. A 
small committee was appointed to confer with the Elee- 
tric Light Company and go into all matters of detail. 


Electric Lighting in Chelsea’.—The figures given by 
the surveyor in the vestry’s annual report and published 
by us are rather ancient. The houses taking current have 
increased to 180, and, including those in South Ken- 
sington, represent 17,300 candle-power.  : | 


Electric Lighting in Leeds.—At a meeting of the 
Leeds County Council, on Monday, it was decided to 
leave the lighting of the Borough to private ‘enterprise. 


Exhibition at Palermo.—It is announced that 4 
national exhibition will be held at Palermo during the 
coming year. The committee has determined to make 
the electrical portion of the exhibits a feature of much 
greater importance than was the case in the exhibitions 
at Turin and Milan. | aa 


The Winchester Council have © 
determined to send a deputation to Fareham, where the 
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- The Proposed Spanish Cables.—The issue of Jn- 
dustries for the 3rd October contains the following 
note with regard to the telegraph cables to the African 


coast :— Two tenders have been sent in to the Spanish 


Government for the laying of the cables from the coast 
of Spain to the African possessions in Morocco. One 
__ of the tenders is from the India-Rubber, Gutta Percha, 


and Telegraph Company, London, and the other from 


the Spanish National Company. Neither of the tenders 
agreed strictly with the bases that were required by the 
Government, and it seems likely that they will be 
rejected. The administration would have preferred to 
receive a tender from Messrs. Siemens, but this firm 
would not have agreed to such risky conditions as the 
Government demanded. The fact is that the cables to 
the other side of the Strait have a bad history.” Our 
contemporary would have added considerably to the 
interest with which this note will be received had some 
authority for the last paragraph been given. The 
history of cables across the Strait would be a valuable 
addition to the records of submarine telegraphy. _ 


The Champion Cut-out.— Under this name, Mr. J. 

_ Torr Todman is making a cut-out which can be placed 
in the ordinary wood casing which covers the cable, 

_ thus avoiding the necessity for cut-outs projecting from 
the walls. In the figure, A is the wood casing, B the 
cable, C the cut-out, consisting of two brass ends in 


which the cable is soldered. Thése two ends are 
joined by a strip of vulcanised fibre, and the fuse wire 
is fixed under the two screws shown. The fuse and 
connection is covered by a glass tube which slides along 
_the cable when it is necessary to renew the fuse. 


Recent Interruptions and Repairs to Submarine 
Cables and Land Lines : — | | 


Interrupted. . Repairec. 
Cable :—Jamaica—Colon... … 16 July,1890, 4 Sept., 1890. 
Buenaventura— | 
Santa Elena ... . 80 Aug. ,,- 7 Sept. 
Suakim—Perim » Still interrupted. 
Land Line :—Buenaventura ... 10 Sept. ,, 13 Sep., 1890. 
Moulmein—Bangkok ... 14 ,, 


The Proposed Electric Tramways in Glasgow.—On 
Monday, September 29th, a deputation from the Glas- 
gow Corporation, consisting of Bailie Paton (convener 
of general committee), Bailie Wallace (sub-convener of 
general committee), Bailie McFarlane, John Ure, Dean 
of Guild, and ex-Lord Provost, Councillor Colquhoun, 
and Mr. David Rankine, engineer, Glasgow Corporation 
Tramways, visited the General Electric Power and 
Traction Company’s electric cars and installation on 
the Barking Road section of the North Metropolitan 
Tramways Company’s system. The deputation were 
et by Messrs. Fuller and Macpherson, directors of the 
Electric Power Company, and by several of its leading 
officials. Having made a minute inspection of the 
many points of interest in the working of the cars, the 
corporation authorities expressed themselves as greatly 
pleased with all they had seen. The raison d'etre of 
the visit was, that the Glasgow Corporation have it in 
view to take into their own hands, at the expiration of 
_ the present concession, the entire Glasgow tramway 

service, and equipping the same with accumulator cars. 
On the following day the deputation visited the instal- 
lation of the Central Birmingham Tramway Company. 


Another Fatal Shock.—A telegram from New York, 
dated October 5th, states that a man was killed in New 
Orleans the preceding day through coming in contact 
With an electric light wire. jihad 


Account of a Cable  Expedition.—The October 


number of Scribner's Magazine contains an account, 


written by Mr. Herbert Webb, of the laying of the 


cables connecting Spain with the Canary Islands. It. 


was ‘scarcely necessary to disguise the names of the 
vessels employed, since the names of the islands, to 
which the cables were laid, are given. This, however, 
is but a minor consideration, and in no way detracts 
from the merits of the article in question. Some of 
the difficulties met with in cable work are well de- 
scribed, and we may congratulate Mr. H. Webb on 
having written a popular account of some of the inci- 
dents connected with submarine telegraphy. The 
article is sufficiently well illustrated. | | 


The Advantages of Technical Education, — The 
students of the Glasgow and West of Scotland Tech- 


nical College appear to be doing well, especially 


in the engineering classes under Prof. A. Jamieson. 


Mr. James Raeburn, who attended the electrical engi- 


neering laboratory, has been despatched to St. Peters- 


burg to settle details about the electric lighting of 
Odessa Harbour, the Russian Government having | 
approved of his plans prepared for the. Thomson- | 


Houston Company, who are giving him £500 per 
annum. Mr. Arthur H. Allen, who gained first-class 
honours in both electricity and electric lighting last 
session, has entered the service of Messrs. Holmes and 
Company, of Newcastle; and Mr. Auchinachie, from 
Keith, has been given a good appointment with the 


well-known firm of Messrs. Siemens Brothers & Co., of | 


London and Charlton. ee 


8S. A. Annual Dinner,—The sixth annual dinner of 


the Old Students’ Association of the City Guilds of 


London Institute will be held at the Holborn Restaurant 
on Friday, October 17th, 1890, at 7 p.m. Tickets, price 
4s, 6d. each, may be obtained from the secretary, 14, 
Garfield Road, Lavender Hill. Mr. W. B. Esson is the 
president of the Association for the ensuing session. © 


The Postmaster-General and the Case of Senior 
Telegraphists.—The following notice was posted in the 
Central Telegraph Department on Saturday last: :“In 


continuation of the notice of the 14th July, the Post- 
master-General desires to notify that, with the consent 


of the Lords of the Treasury, he has converted 43 of 


the existing senior telegraphists appointments on the 
male staff into a new body of second class assistant 
superintendents on a scale of £200, rising, by £10 
annually, to £260. The minimum of the senior class 
of telegraphists will be £160 per annum.” Twenty 
corresponding appointments will be made on the female 
staff. Curiously enough, these new appointments are 
dated Sunday, October 5th, and this very unusual cir- 
cumstance has given rise tv much speculation and con- 
jecture. | 


The School of Electrical Engineering and  Sub- 
marine Telegraphy.—As the result of the examina- 
tions recently held at the above school,.we are informed 


that the following gentlemen have now obtained the 


Vellum Certificate of the school :—(a) In electric light- 


ing and power transmission—Messrs. Claypoole, Garré, 


Gillies, Lawrence, Phillips, Roussel and Waring. “The 
examinations in these subjects were conducted by Mr. 
Gisbert Kapp, and included a vivd voce and practical 
examination. (2) In telegraphy and telephony— 
Messrs. Lawrence (above ru and Salmony. This 
examination was conducted by Mr. H. R. Kempe. _ 


Movements of Cable Ships.—On the morning of 
Wednesday, October 8th, the 8.8. Silvertown left the 
Silvertown Company’s works, en route for the West 
Coast of America, to lay direct cables between Lima, 


Yquique, and Valparaiso. 


H.M. telegraph ship Monarch sailed for the Irish 
Channel to repair one of the Post-office cables, 

The 8.8. John Pender left the river for, we are in- 
formed, the Red Sea, to relieve the cable steamer at 
present stationed there. 
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The Manchester Association of Engineers.—We notice 
in the syllabus of the 1890-91 season of the Manchester 
Association of Engineers that on January 24th next, 
Mr. A. B. Blackburne, assistant manager to Messrs. 
Mather and Platt’s electrical department, is announced. 
to read a paper on “ Dynamos: the Consideration of 


_ the Chief features which Regulate their Application.” 


We hope that Mr. Blackburne’s latest. experiences will 
enable him to put before his audience something new ; 
in any case, his discourse is certain to prove inte- 
resting. | | 


Anticosti Cable.—Messrs. W. T. Henley’s Telegraph 
Works Company, Limited, write to us as follows :— 
“ Referring to the paragraph under this heading in 
your “ Notes” in the issue of the 3rd inst, we beg to 
inform you that this cable was made by us, the core 
being composed of our patent ozokerited vulcanised 
India-rubber, of which the Canadian Government have 


_ had considerable experience for some years past.” 


À Gallant Deed.—IN the REVIEW for September 
19th, we chronicled the death of lineman Kepp, in 


New York, but there was an incident connected 
with this matter which has only just come to our 
notice through the columns of Modern Light and Heat, 
and which we have much pleasure in bringing before 


our readers. Our contemporary says :—“ The electric 


lineman must beware of the live wire. If he is 
possessed of ordinary intelligence and presence of 
mind, and is thoroughly instructed in the duties and 
requirements of his calling, as every lineman should 
be, any accident which may befall him must be the 


result of his own negligence or hardihood. The death © 


of lineman Kepp, and the gallant but too late rescue of 
the suffering man by Mr. Charles Phipps, of the Brush 
Company, illustrate this. Had the unfortunate line- 
man taken the ordinary precaution of using rubber 
gloves, he would have been alive to-day. Mr. Phipps’s 
heroic act was fraught with much greater danger than 
that which menaced the lineman... He was coming out 
of the theatre in evening dress, and with rare presence 
of mind took in the whole situation at a glance. He 
had no rubber gloves, but he improvised a substitute 


_ with rubber coats borrowed from hackmen. Thus pro- 


tected, he climbed the pole and cut the wire across 
which the lineman hung, after which he lowered the 
man into the arms of those who were waiting and 
watching below. Although Mr. Phipps made light of 
his brave action, those who saw it were more appre- 
ciative, and we believe that the gold medal of the 
Humane Society has been awarded to many not more 
deserving than the noble-hearted electrician.” 


Opening for Electric Traction.—Colonel C. M. David- 
son, the chairman of the Hawaiian Tramways Com- 
pany, stated at the meeting of the company last week 
that the “board were doing their best to keep down 
the expenses of the company, and with that view they 
were considering the advisability of running their 
tramway by electricity.” English traction companies 
should attend to this. oe 


The National Telephone Company.—We hear that the 
directors of the National Telephone Company, Limited, 
have decided to reduce their rates of. £15 to £10 per 
annum, and that they are further considering the ques- 
tion of giving special advantages to their subscribers 
for trunk line service. | 


Dublin City Lighting, — The time for receiving 
tenders has been extended to the 30th October. 


Killarney in the Running.—The Town Commis- 


_ Sioners, after various flights of oratory, have again 


settled on the earth, and will apply for a provisional 
order in a reasonable manner. | 


Electric Light at Gravesend.—After many discus- 
sions the Town Council has resolved to apply for a 


* 


. Electric Traction.—At the usual meeting of the 
Oswaldtwistle (Lancashire) Local Board, on Monday, 
consent was given to Mr. Chadwick, C.E., constructing 
an electric tramway throughthattownshipto Accrington 
on satisfactory terms being arranged. 


Personal, — Last week the electrical engineering, 


pupils of Messrs. Immisch & Co., Kentish Town, pre- — 


sented a piece of silver plate, as a token of their esteem, 
to:'Mr. Charles Francis Quicke, late chief engineer and. 
works manager, on his relinquishing that post, after, 


eight years’ connection with the firm. The workmen — 


and staff also presented, on their own behalf, a massive 
silver spirit case and an inlaid cabinet. | 


Mr. G. Jones, electrical engineer at Chatham Dock. 


yard, has been ordered to proceed to the works of the 
Naval Construction and Armament Company, Barrow., 
in-Furness, to assist Mr. Apsey, who recently proceeded. 
from this yard to superintend the construction of the. 
electric light:apparatus which is being manufactured 
for vessels of the Royal Navy. | 


Electric Light Accidents.—A correspondent of the 
imes says an engineer in the electric light works at 
Waltham, in Massachusetts, last Thursday received an 
electric shock of 1,500 volts. His hands were badly 
burnt, but his injuries were otherwise not serious. 


Although he was, perhaps, working a 1,500-volt: circuit, 
it does not follow that a current passed through him 


at that difference of potential, — 


A Correction.—A correspondent says our note last 


week, on “A Telegraph Superintendent Killed,” was 


exaggerated ; the man is still dead. 


Edinburgh Exhibition.—At a committee meeting 


held last week in the City of London, it was resolved 
to consider the exhibition a success. Over three 
million people have passed the turnstiles, a fact which 
is probably due to the near vicinity of the Forth 
Bridge. 


The Revolution in Copper. — On Thursday, the 


25th September, Dr. John Hopkinson paid a visit to 


the works of Elmore’s Patent Copper Depositing Com- 


pany, at Leeds. His time was limited, so his report 
simply states that he had an opportunity of observing 


the effect of the burnishing tool upon the deposited. 
copper which, under its influence, exhibited a beauti- 


fully smooth surface. He also confirms his previously 
expressed opinion that on a large scale the Elmore pro- 
cess of depositing should not exceed £5 a ton or $d. 
per lb., and he returned well satisfied with what he 
saw. A report from Dr. Hopkinson, or any other 


qualified expert, giving a comparison of the actual cost — 
of the Elmore and other processes for producing copper | 


tubes would have been to the point, and have put us 
in possession of hard facts instead of estimated data 


with which we have hitherto had to content ourselves. | 


The Channel Telephone Cable—We understand that 
Messrs. Siemens Bros. & Co. have secured the contract 
for manufacturing the 4-cored cable to be used for 


_ telephoning across the Channel. : | | 


Woodhouse and Rawson United, Limited, — The 
report and balance sheet of this company is before our 
readers, and the meeting to discuss the same takes place 
to-day. It would, of course, be very interesting to 
know how the gross profit of nearly £100,000 was 
made, how much from trading, and how. much from 


company promoting. The shareholders, however, will 


_ doubtless be content with their 15 per cent., and we 


sincerely trust that so good a dividend will be always 
forthcoming, | 


Edinburgh and the Electric Light.—At a meeting of 
the Edinburgh Town Council on Tuesday, it was re- 
solved, on the motion of the Lord Provost, to make 


“application to the Board of Trade for a provisio 


order. | 
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The Nicaragua Canal and the con- 
nection with the works on the Nicaragua Canal, which 
are stated to be progressing most favourably, we learn 
that a telegraph line has been conipleted between 
Greytown and the Lake of Nicaragua, where a junction 
is made with the telegraph lines to the Pacific Coast. 
? We therefore presume that telegraphic communication 
is now established between Greytown and the United 
States vid the Central and South American Company’s . 
cables which touch at San Juan del Sur, a port on the 
Nicaraguan coast, and connected by Government lines 
with the principal towns in that Republic. 


Berliner’s Gramophone.—Several igramophones of 
this make have, during the past three weeks, been 
shown in operation at 11, Queen Victoria Street, E.C. : 
It is not unlikely that we may hear more of this. in- 
vention shortly from a company point of view. | 


Electric Railway Experiments.—Some experiments 
have been made with a railway waggon fitted with - 


burghausen-Heldberg-Friedrichshall, in Bavaria. The 

line is about 19 miles long, and the waggon is said to 
have worked successfully.. This is the greatest test 
with electric traction in Germany. The experiments 

were made by the builder of the railway, Mr. Hostmann : 
and two other engineers, one being from the Oerlikon 
| Engineering Works.. - . | 


The Report of the Postmaster-General.—The report, 
of the Postmaster-General, issued last week, shows a 
great increase of business. Telegraphic money orders 
issued during the month of March amount to £6,262. 
In the course of the year 263 post-offices and 58 rail- 
way offices were opened for telegraphic business, 
making the total number of such offices open on the 
3lst March 5,673 and 1,679 respectively. The total 
number of telegrams dealt with was 62,403,399, as com- 
pared with 57,765,347 in the previous year.’ | 


NEW COMPANIES REGISTERED. | 


| Leeds and London Electrical Engineering Company, 
| Limited,—Capital £100,000, divided into 250 founders’ 
shares, 9,750 non-cumulative £7 per cent. preference | 
shares, and 10,000 ordinary shares of £5 each. Objects : 
To form centres in the United Kingdom and elsewhere 
at which electrical energy may be generated and 
accumulated, and from which the same may be distri- 
buted for public and private lighting of every descrip- 
tion, or for supplying motive power or heat, and to 
enter into contracts for such purposes. To acquire the 
right to manufacture and put up telephones, telegraphs, 
electric bells, phonographs, and all other electrical 
apparatus now known or hereafter to be invented. To 
manufacture lightning conductors, electrical generators, 
motors, cables, accumulators, lamps, and fittings of all 
kinds. Signatories (with 1 share each) : H. Linklater, 
9, Benthal Road, N.; T. B. Arundell, 1, Devonshire 
Street, Portland Place; P. H. Clark, 51, Norroy Road, 
Putney; James Whitehead (electrical engineer), 
Heycot, Crouch End, N.; J. A. Roxburgh, 77, Queen’s ~ 
Road, Finsbury Park ; J. Kerby Chambers (electrical 
engineer), 10, Richmond Villas, Holloway; J. W. S. 
Hawes, 25, Colebrooke Row, N. The signatories are 
5 to appoint the first directors ; qualification, £500 in 
| .: Shares; remuneration, one-tenth of the net profits after 
payment of 7 per cent. dividend on preference and 
ordinary shares, provided that the maximum remunera- 
tion be £1,500 per annum. Registered 2nd inst. by 
Wilson & Co., 1, Copthall Buildings. 


Electro-Metallurgical Company, Limited.—Capital 

2,900, in £5 shares. Objects: To acquire the busi- 
ness of electro-metallurgists, platers and depositors 
on metals, carried on by the Electro-Metallurgical Com- 
pany at 23, Newhall-street, Birmingham, and the 
business of electro-platers carried on by the Victoria 
Plating Company at 9 and 10, Sherborne Road, Balsall 


motors and accumulators, on the local railway Hild- 


Heath, Birmingham. Signatories (with 1 share each) : 
*Alfred Smallwood, *Alfred Gough, *H. Fenney, Wm. 
Ralph Bradley, J. J. Bedney Arter, J. H, Fenney, E. G. 
Walters, all of Birmingham. The signatories denoted 
by an asterisk are the first directors. Registered 3rd 


inst. by T. H. Philpots, 89, Chancery Lane, agent for 


Alfred Gough, 120, Edmund-street, Birmingham. — 
- Buller’s, Limited.—Capital £200,000, in £10 shares. 


Objects: To acquire the ‘business ,and liabilities of 


Buller, Jobson & Co., Limited (in voluntary liquida- 


in engineers and contractors. To manufacture and — 


produce electrical plant, and to supply electric and 
other forms of power and energy. Signatories (with 1 
share each): *E, W. Buller, 49, Charlotte Road, Bir- 
mingham; *H. C. Jobson, Kidderminster; E. J. 


Chambers, Dudley ; W. Greenhill, Dudley ; E. P. Job-. 


son, Dudley ; A.T. Baller, Penrith ; J.T. Harris, Stone, 
Staffordshire. The first two signatories are appointed 
directors; qualification, 100 shares. : Registered 6th 
inst. by Waterlow Brothers and Layton, Limited, agents 
for Smith, Pinsent and Co., of Birmingham. ide 


| OFFICIAL RETURNS OF ELECTRICAL 
 COMPANIES 


: Patent Lithographic Zine Plate Company, Limited, 


—The statutory réturn of ‘this company, made up to 
the 20th August, was filed 6th September. The nominal 


capital is £10,000 in £5 shares; 700 shares are taken . 
up, 200 being considered fully paid. Upon 500 shares . 
£3 per share has been called and paid. - Registered : 


office, India Chambers, Queen’s Dock Side, Hull. 


J. A. Egestorff and Company, Limited (manufacturers 
of ultramarine and colours and electrical engineers).— . 


The statutory return of this company, made up to the 


29th August, was filed September 4th. The nominal 
capital is £10,000 in £5 shares ; 1,290 shares have been . 
taken up, 400 being considered fully paid. Upon 890 © 


shares, £2 10s. per.share has been-called, the calls paid 


amounting to £1,509 10s, and unpaid to £715 10s. 


Registered office, Backbarrow, near Ulverston. 


Baller, Jobson and Company, Limited.—At an 


extraordinary general meeting of the members of this 
company, held at the Great Western Hotel, Birming- 
ham, on 16th ult., it was resolved to wind up volun- 
tarily, the liquidator, Mr. W. Newton Fisher, of 
Waterloo Street, Birmingham, chartered accountant, 


being authorised to enter into an agreement with a. 


new company to be called Buller’s, Limited, for the 
transfer to that company of the assets and liabilities of 
this company. These resolutions were confirmed on 
the 2nd inst. and were duly filed on the 3rd inst. 

The last return of the company is made up to the 


10th February ; the nominal capital at that date was 


£108,100 divided into 5,405 “A” and 900 “B” shares of 
£20 each. 4,505 “A” and 900 “B” shares have been taken 


up and the full amount has been called thereupon. Upon 


4,497 “A” and 900 “ B” shares the full amount is con- 
sidered as paid up. The calls paid amount to £160. 
At a meeting of the company, held on the 7th March, 


the capital of the company. was increased by the sum 


of £50,000, divided into 2,500 first preference shares of 
£20 each, carrying a cumulative dividend of 6 per cert 
per annum. | 


Kent Patent Arc Lamp Company, Limited.—Tbe 
subscribers to this company have appointed as directors 
of the company Mr. Herman Stanberg, of 45, High 
Street, Borough, S.E., and Richard Dyson, of 15, Aus- 
tralian Avenue, E.C. The registered office of the com- 


pany is now situated at 17, Holborn Viaduct. Secretary, 


Mr. Arthur Salter. 


_ Baxter's, Limited (civil, marine and electrical engi- 
_neers).—The statutory return of this company, made 


up to the 29th July, was filed. 23rd August. The 
nominal capital is £30,000, divided into 1,000 pre- 


ference and 5,000 ordinary shares of £5 each. 14 ordi- 
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nary shares are taken up, and £4 has been called and 
paid thereon, the calls paid amounting to £56. Regis- 
tered office, Sandiacre, Derby. | 


Peru Telephone Company, Limited.—The registered 
office of this company is now situate at 42, Old Broad 
Street, E.C. | 


. Ecuador Telephone Company, Limited,—The regis- 


tered office of this company is now situate at 42, Old 


Broad Street, E.C. 


CITY NOTES, REPORTS, MEETINGS, &. 


Woodhouse and Rawson United, Limited. 


Tue annual report of the directors to be laid before the meeting 
at Winchester House to-day (Friday), the 10th inst., states :—Of 
the original capital all the ordinary and preference shares have 
now been issued. Of the ordinary shares, one-half of their value 
remains uncalled. The premiums from the second issue, amount- 
ing to £4,050 5s. have been placed to a reserve fund. From the 

nce sheet it will be seen that after payment of all expenses 
and writing off £7,421 16s. 9d. in reduction of the sum standing to 


patent account, the balance to the credit of the company amounts 


to £61,085 1s. 94. Out of this sum the directors propose to pay a 
dividend at the rate of 15 per cent. per annum on the ordi 
shares and of 8 per cent. per annum on the preference shares, 
which, together with the interim dividend for the half-year 

paid at these rates, amounts to £18,749 6s. 6d. Of the balance, 
amounting to £42,335 15s. 3d., the directors ar deg to place to 
reserve £25,000, of which £10,000 will be set aside to a goodwill 
reserve fund, and £15,000 to a general reserve fund, and to apply 
£1,000 to the formation of an employés pension fund, leaving 
£16,335 15s. 3d. to be carried forward to next year’s account. The 
directors do not propose to increase the dividend anticipated in 
the prospectus, as the prudence of building up reserve funds of a 
considerable amount will be evident to the shareholders. ae 

The directors think it well on this occasion to give more infor- 
mation than is are À contained in an annual report, in order to 
enable the shareholders to realise the scope and extent of the 
operations in which the company is. engaged. Their efforts 
daring the past year have been directed to consolidating and ex- 
tending the several branches of business which have been taken over 
by the company. These are of a very comprehensive character, 
and include :— 

‘1. The manufacture of all articles connected with electricity 
and engineering, so far as they come reasonably within the 
technical and financial resources of the company. _ 

.2. The supply of all articles connected with electricity and 
electrical engineering. | 

‘8. The execution of all works of installation coming within the 
province of electrical engineers and contractors. 

4. The testing and proving of new patents and inventions con- 
nected with electrical and engineering science, and their intro- 
duction to the public, either by arrangements for working such in- 
ventions by this company or by assisting the owners in forming 
separate companies for working them. — 

he experience of the past year leavesno doubt that t services 
may be rendered to the shareholders and to the public by develop- 
ing this latter branch of the business, with prudence and energy ; 
and the knowledge acquired from an extensive range of manufac- 
tures,and a thorough acquaintance with the demand and channels 
of supply of electrical plant and a. place this company in 
an exceptional position to invite and secure the confidence of in- 
ventors, and to assist them in bringing their inventions before the 
public. With this object it is necessary to command the ready 
means of practically testing every kind of electrical and mecha- 
nical invention which may be offered, and to maintain an exten- 
sive business and correspondence in all parts of the world. 


The following are the factories owned by the company and the 


character of the work done :— 

a. West Kensington Hall Works, Hammersmith Road, W. 
These works, over an acre in extent, are the company’s freehold. 
Here are manufactured light goods, such. as switches, lamps, 
measuring and other electrical instruments, primary and secondary 
batteries, and every class of small automatic machinery. Here 
also is carried on the electro-plating business and manufacture of 
plating plant. At these works most | tag offered to the com- 
pany are tested, and only when they have thoroughly passed the 
examination of the company’s experts is the purchase or introduc- 
tion to the public entertained. At the present moment four 
important electrical inventions of exceptional merit are undergoing 
the process of final testing. ee 

b. Union Foundry, Kidsgrove, near Crewe. These works, which 
are also freehold, have been recently avquired on advantageous 
terms, and are well situated in the heart of the coal and iron dis- 
trict, having both a railway siding and a canal adjoining. They 
are fitted up with every class of heavy machinery to enable the 
power, water and gas works plant, steam and hydraulic cranes, 
tanks, pumps, large dynamos and other heavy machinery, whilst 


company to construct engines and boilers of almost any size or 


further special plant is now being erected to keep abreast of recent 
improvements. | 
c. Cornbrook Tel h Works, Manchester. These works are 
leasehold, and are fully « ngaged in the manufacture of telegraphic 
instruments; there are manufactured small dynamos and 
motors, as well as light lathes and drilling, shaping, milling and 
screwing machines, green À designed for electrical work. Prac- 
tically the whole of the contracts for telegraphic instruments, &c., 
for the London and North Western Railway for a period of two 
ears, together with contracts for the Caledonian and Great 


tern Railway Companies, have been placed with the company 


. The supp ment is y increasing its turnover, 
Its catalogue of electrical goods and appliances connected there. 
with is recognised as the most complete and T'en. of its 
kind, and forms a standard text book in the trade.. The acquisi- 
tion of the new warehouse, with entrance at 30, Cannon Street, 
and more recently of the lease of the neighbouring premises at 


34, Cannon Street, and 84, Queen Victoria Street, enables the 


company to keep in hand and exhibit an extensive stock of nearly 
every kind of electrical apparatus and are ge 

e. The installation department has carried out a large number 
of important contracts. Among others, the lighting of the palace 
at Mysore, India, by electricity has been satisfactorily and pro- 
fitably finished ; and the Sociedad Española del Electricidad, in 
Barcelona, has placed the whole of their arrangements for im- 


proving and extending the lighting of that city by electricity in 


the hands of this company. | 4 RCE 

f. At Bradford the company have a branch establishment, with 
show room and warehouse, which provides for installations and 
the supply of electrical goods in the North of England. The 
company has been specially appointed contractors to the local 


_ authorities in that town in connection ‘with their central electric 


lighting station. | 
g. An electric bell and signalling business is conducted at 2, 
Gray’s Inn Road, under the management of the Messrs. Jensen, 
whose well-known patents this em fr has acquired. 
h. The company has also acquired the electric and steam launch 
business of Mr. Sargeant, carried on at Chiswick. = 


Branch offices have been opened during the year in Sydney, Mel- : 


bourne, Johannesburg, and. Valparaiso, besides additional agencies 
in various other foreign countries. In the early part of the 
present year the directors disposed of a portion of their premises 
at West Kensington to the Kensington Co-operative Stores, 


Limited, a new company, which obtained the support of this com- 


pany because it afforded an opportunity of disposing, upon advan- 
tageous terms, of a portion of its buildings unsuitable for 
manufacturing purposes, and increased the value of the remainder 
of the property. A second issue of shares of the Kensington 
stores has lately been made at a large premium, and was applied 
for two and a half times over. The directors have, in addition, 
been instrumental in forming the International Okonite Company, 
for the working throughout the world of the patents for that 
valuable insulating material. The company, whose shares have 


been entirely allotted, has an established business in America of a. 
profitable and rapidly increasing character, and owns works also 


at Manchester, from which it will supply the okonite wire required 
in Great Britain. The yield of both the American and English 
works during the current year has largely increased, and a profit- 
able return may be looked for. This — would not be complete 
without an illusion to the success that attended the introduc- 
tion by Woodhouse and Rawson, Limited, of the now well-known 
Elmore process for manufacturing copper articles by electro-depo- 
sition at a great saving of cost, and of unique quality. Since the 
expiration of the financial year ending on the 30th June, 1890, 
this company has introduced Elmore’s French Patent Copper 


Depositing Company with very marked success; 66,750 shares 


were offered for subscription, and over 250,000 shares were applied 
for. The official quotation of the shares of this company in the 
Stock Exchange list is now before the committee. Owing to the 
delay in the winding-up of the vendor companies, mainly caused 
by the protracted arbitration in which one of them was engaged 
at the time of purchase, a final settlement with them had not been 


effected before the close of the first financial year of this company. 


These difficulties have since been removed, and the directors dai y 
expect to have the quotation granted. The sum of £75,000 which, 
as stated in the prospectus, Woodhouse and Rawson, Limited, was 
to lodge with this company as a guarantee fund for the payment 
of a minimum dividend of 15 per cent. per annum for the first 
three years, has been duly received. 

The shareholders will doubtless approve of the formation of an 
employés pension fund, which will tend to the retention of those 
employed by the company, by requiting faithful services when 
age, failing health, or other causes necessitate their temporary or 
permanent withdrawal from the company’s employ. The amount 
proposed to be placed to the credit of this fund, though compara- 
tively small for the purpose intended, will form a nucleus to 
which in future, as the company’s success is consolidated, larger 
sums may be allocated. A resolution to give effect to this pro- 

il will be submitted to the meeting. The directors feel that 
the shareholders owe a great deal to the various members of the 
staff for devoted services rendered, regardless of personal comfort 
and hours of labour, and especially to the managing director, Mr. 
F. L. Rawson, to whose zeal, enterprise and judgment the results 


_ obtained in this the first year of the company’s operations are 


mainly due. By the articles of association two directors retire. 
The two who retire are Lord Aberdare and Sir Rawson W. Raw- 
son; the latter, being eligible, offers himself for re-election ; the 
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+ former from impaired health and enforced absence from London, 
does not offer himself for re-election. In his place the directors 
ropose, with the approval of the shareholders, to elect the Right 
Fon. Sir Edward Thornton, G.C.B. The auditors, Messrs. Pixley 
and Co., retire according to the articles, and offer themselves for 
re-election. In conclusion the directors congratulate the share- 
holders on the position and prospects of the company. 


The International Okonite Company, Limited, 


Me. Samuez Pors, Q.C., presided at the statutory meeting 


held at the Cannon Street Hotel yesterday, and after explain- 
ng the object of statutory meetings, went on to say that the 
company’s articles of association provided that the first general 
meeting should be held within the statutory period of four months. 
The board, therefore, thought it desirable not to treat this meet- 
ing as a purely statutory one, but that the directors should meet 
the desire of many of the shareholders by stating exactly what. 
had been done since they came into office, and the p of 
future development. The company’s capital had origin 
fixed at £440,000, divided into £170,000 of £10 preference shares, 
£170,000 of £10 ordinary, and £100,000 of £100 debentures. Of 
that amount, £113,330 had been paid to the vendors as founders’ 
shares, as well as £33,300 of debentures. That left £226,670 of 
preference and ordinary shares to be allotted to the various appli- 
‘cants. Of that £226,670, the whole had been fully subscribed, 
without a single share having been underwritten. Of the deben- 


tures, out of £66,600 (the balance of the £100,000, after deducting 


the £33,300 to be allotted to the oe £51,100 had been taken 
up, leaving a balance of £15,000, the only balance unallotted of 
the entire capital, which it was the directors’ intention 
not to allot until they required the money. The com- 
us capital account was therefore summed up in the 

escription that ‘“‘the whole of the capital has n sub- 
scribed for and allotted,” with the exception of £15,000 
worth of debentures which they did not require to allot. 
The company’s managing director and Mr. Connolly, the works 
manager, had visited the United States since the company’s in- 
corporation for the purpose of examining into the business and 
working of the factory at Passaic, New Jersey, and the special pro- 
cesses carried on there for the purpose of working similar plant 
at the company’s Manchester works. The managing director had 
returned, Mr. Connolly was on his way home. 
ported, and the speaker believed Mr. Connolly with him, 
that the works were in first class order, well organised, admirably 
arranged and fully occupied.» Assuming the turn-out for 1887 as 
the unit 100, then the turn-out in 1888 represented 164; in 1889, 
224; and in 1890, so far, the satisfactory of 450. In other 
words, the investigation had shown that the output at the Ame- 
rican works had become four-and-a-half times what it was in 1887. 
In addition to the founders’ shares named in 
directors who formed the American committee had subscribed for 
considerably over £60,000 in shares, and paid for them in the 
ordinary way. The title to the American factory had been 
thoroughly examined and approved by the solicitors, Messrs. 
Davies, Short and Townsend, of New York. The whole of the 
purchase money had been paid, and the property in America had 
been invested in the Central Trust Company of New York, as 
trustees for the debenture holders. From personal inspection 
the company’s managers reported themselves satisfied that 
the business was a sound and lucrative one with every pro- 
spect of a large and continuous increase; and that there was 
an immense advantage in having a factory both at New York and 
Manchester. With regard to the Manchester works, the business 
had been taken over and paid for, and the company had since 
acquired a plot of vacant land of about an acre, bounded on one 
side by the company’s own factory, on another by the Rochdale 
Canal, and on the other two sides by good roads. On this they 
were actively working an improved fireproof factory for the manu- 


facture of the company’s specialité of high-class okonite wires and © 


cables, and the necessary machinery was well in hand. The works 
were in full swing manufacturing the various classes of insulated 
wires, and orders were coming in most satisfactorily. Messrs. 
Shaw and Connolly had agreed to serve the company for a term 
of years, and, as both gentlemen had technical and business know- 
ledge second to none in the manufacture of insulated wire, the 
directors had every reason to anticipate that, with the capital at 
their command, the English business would soon rival, if it did 
not exceed, the American. Certain statements as to the profits of 
the year had been made in the prospectus, and some share- 
holders had questioned the profits for 1889 and 1890 of Shaw and 
Connolly (which, the meeting would remember, had been 
en as estimated, and not as ascertained), and also the 
profits of 1890 of the old Okonite Company, these profits 
not having been ascertained by a competent accountant at 
the date of the prospectus. However, the directors were 
now in possession of Messrs. Price and Waterhouse’s report and 
statement, which showed the statements in the prospectus to be 
well under the actually ascertained amount. With regard, how- 
ever, to the À pers of 1890 of the old company in America, the 
directors had not yet received Messrs. Price and Waterhouse’s 
Certificate. The directors had cabled to New York for the most 
recent information as to the p of the audit, for of course it 
was desirable to know as far as possible the actual facts with 
regard to the property acquired; and they had received from the 
New York office, under date September 26th, a letter which stated 
that the books were not quite closed, but that approximately it 


y been - 


e former re- 


e prospectus, the _ pe | 


was thought that the roots would be considerably r than the 
us Claimed they would be. The actual t had since 
n cabled for, but the directors had not yet received the certi- 
ficate. However, from what the general manager said, he (the 
aker) did not doubt that the statements referred to would be 
dantly justified by the facts. Of course the directors could 
have no great experience in the ment of the concern during 
that short period in office, but he thought he might say that the 
view which a oe and which he himself would desire :to 
it a substantial commercial un ing, and no a 
view merely to create a temporary fictitious value in the shares of 
the company. During the last three years of the Okonite Com- 
pany’s working they had never had returned to them a single 
of okonite wire as being of defective insulation. The whole of the 
wires were guaranteed to a standard far in excess of the working 
requirements, and were fully tested 100 per cent. over the com- 
pany’s guarantee before leaving the works. The same system 
would be adopted in England, as, although it tended to slightly 
increase the cost of uction, it was important that their elec- 
trical insulated conductors should be of a high class, and abso- 
lutely reliable. The scrip certificates had been issued, and appli- 
cation had been made to the Stock Exchange for a special settle- 
ment and quotation in the official list. As showing how active the 
pes gs business of the company was, the speaker produced an 
order from an English firm for 135,000 feet of okonite wire. 

After several shareholders had expresssed their satisfaction 
with the statements jnst made, an extraordinary general meeting 
was held, as announced, and the following resolution, which, the 
chairman explained, was intended to make certain minor altera- 
tions in the articles of association, which had been called for b 


the Stock Exchange, was , and the p termina 
_  Resolution.— That the articles of association of the company be 
altered in the following manner :— : 


t the i 


‘ (a) -In clause 35, 
out and the following inserted 


Ww ‘provided that’ be stru 


‘ The funds ‘uf the company shall not be expended in the purchase — 


of or lent upon the security of its own shares.’ . . 

“(b) In clause 72, that the following words be added at the 
end of the clause: ‘And, unless he shall do so, he shall be 
deemed to have 
and the same 


dress at least eight days 


Brazilian Submarine Telegraph Company, Limited. 
—The accounts, subject to audit, show a profit sufficient to enable 
rs to recommend a final dividend of 3s. per share, 
making, with previous distributions, a total dividend of 6 per cent. 
for the year ended 30th June, 1890, and also the payment of a 
bonus of 3s. per share, both free of income tax, which, together, 
will amount to £39,000, being a distribution in the aggregate of 


74 per cent. for the past year, leaving a balance of £42,416 183. 1d., : 


of which amount £40,000 has been p to the reserve fund, in- 
a that fund to £352,626 2s. 11d., and £2,416 16s. 1d. carried 
or w. 


A Franco-Russian Company is about to organise a 
new telegraphic agency in Servia and the other Balkan countries, 
the Servian Government having declined to renew its connection 
with the Vienna Correspondence Bureau. 


The Telephone Company of Austria, Limited, notifies 
that the usual half-yearly dividend to the 30th ult. on the pre- 
ference shares, at the rate of 6 per cent. per annum, has been 
declared by the board. 


Reuter’s Telegram Company, Limited.—The direc- 

tors have declared an interim dividend at the rate of 5 per cent. 

r ns free of income tax, for the half year ending the 30th 


TRAFFIC RECEIPTS. 


The Brazilian Submarine Telegraph Company, Limited, The traffic receipts for 
the week ending October 8rd, were £5,523, 


The Cuba Submarine Telegraph Company, Limited, The receipts for the month of 
September were £3,000, as compared with £2,372 in the corresponding month © 
last year. The receipts for the month of June, estimated at £3,300, realised 

£3,824, 

The Direct Spanish Telegraph Company, Limited, The estimated receipts for 
the month of September were £2,526, against £2,139 in the corresponding period 
of last year. 

The Great Northern Telegraph Company, Limited. The receipts for the month of 


September amounted to £25,800; 1st January—s0th September 1890, £206,800 ; - 


corresponding months 1389, £208,200 ; do. 1888, £202,600. 

West India and Panama Telegraph Company, Limited. The estimated traffic receipts 
forthe half month ended September 30th, show an increase of £187 as com- 
pared with the corresponding period. 

The Western and Brazilian h Company, Limited. The receipts for the week 

ending October 31d, after deducting the fifth of the gross receipts payable 
to the London Piatino-Braailian Telegraph Company, Limited, were £4,163, 


of the clause following the — 


“ (c) In clause 116, that the following words be added at, the | 

end of the clause: ‘And a copy of such balance sheet shall be | 
| each member at his registered ad | 
fore such ordinary general meeting.” ” | 


THE TELEGRAPHIC JOURNAL AND 
‘SHARE LIST OF ELECTRICAL COMPANIES. 

Present ; Stock or Closing Closing Business done 
£ Highest. 
250,000"| African Direct Telegraph, Ltd., 4 p. c. Deb. and 100 98 —10% 98 —101 
1,549,160 Telegraph, Li ies | Stock 51 — 62 503— 51} 51 
‘2,726,420 | Do. do. 6p:c. Proferted | Stock 87 — 88 87 — 88 88k | 
2,726,420 | Do. do. Deferred ... | | 144 | 14} 
130,000 | Brazilian Submarine Telegraph, Limited 11$— 124 124 124 114 
99,000 Do. do. 6p.c. Bonds.. - 100 100 —102 100 —102 
75,000 Do. do. ‘5 p.c. 2nd Series, repayable June, 1996 100 103 —107 103 —107 
63,416 | Brush Electric Engineering Ordinary, Nos. I to 63,416... … 3 1j— 2 1j— 2 
63,416 Do. do.  Preference, Nos. 1 to 63 A16 . .8 1j— 2 i. 1 
7,216,000 Consinendial Cable, Capital Stock ... . $100 102 —104 xd] 102 —101 1034 
224,850 | Consolidated Telephone Construction and ‘Maintenance, 14/- a 
20,000 | Crompton & Co., Limited, 7 p. c. Pref. Shares, Nos. 1 to 20,000 Stock | _54— 5% 5— 5 | 
16,900 | Cuba Telegraph, Limited .. 10 113— 125 125 113 
6,000: Do. ‘do. 10p.c. Preference _ .. 10 17 — 18 3 
12,931: Direct Spanish Telegraph; Limited … “a sly paid) 5 . 4— 43 
60,710 | Direct United States Cable, Limited, 1877. : 20 108 108 | 103: |. 10 
2,000 | Eastern Telegraph, Limited, Nos. 1 to 400,000 td 10 14 — 14} 14 — 144 14} 14 
70,000 Do. 6 p. c. Preference 1. 10 15 — 15; 15 — 15; 15} RE 
200,000 Do. 5 ce. Debs. (1879 issue), repay. 1899 | 100. | 106 —109 106 —109 ‘108 | 1064: 
1,290,000 Do. - 4p.c. Mortgage Debenture Stock Stock .| 104 —107 104 —107 105} 5e 
250,000 | Eastern Extension, Australasia and China Telegraph, Limited 10 . | 14k-— 14% l4i— 148 143 Li} 
_ 820,000 Do. 6p.c. Debentures, répay. February, 1891 … 100 . | 100 —102 100 —102 
446,100 | Do. c. (Aus. Gov. Sub.), Deb., 1900, red. ann. drgs. . 100 | 101 —104 102 —105 
12,500 |. Do.  6p.c. Debentures, 1890, redeem. ann: drawings 100 . | 101 —104 102 —105 102} 
367,900 | Eastern and South African Tel., Ltd. ,5 p. c. Mort. Deb., 1900... | 100 | 101. —104 101. —104 1024 
45,000 | Electric Construction, Limited, Nos. 101 to 45,100 ‘10 | jé 
19,900 | *Electricity Supply Co. of Spain, Nos. 101 to 20,000 5 5} 
46,700 Elmore’ s Patent Copper Depositing, Ltd., Nos. 23,001 to ‘70, 000 | 2, a (5 o =. 63 . 6} 
67.985 Elmore’s Wire - Manufacturing, ‘Limited, Nos. 1 to 67, 886 - 23— 23: 91 : ot 
19,700 Fowler-Waring Cables, Nos. 301 to 20,000 ' only 5 4 23— 3 
180,227 | Globe Telegraph and Trust, Limited 10 8i— 94 94 
180,042 Do. do. Gp.c. Preference … 10 | .143— 15 1ig— 15 15 14} 
150,000 Great Northern Tel. Company of Copenhagen... 10 15§— 16} 153— 16} 16 1534 
40,900 Do. do. 5 p. ¢, Debs. (issue of 1881) 100 | 100 —103 101 —1041 
250,009 Do. : do: ‘: do. (issueof1883) ...| 100 | 104—107 | 104 —107 
9,334 | Greenwood and Batley, Ltd., Orilinasy, Nos. 4,667 to 14,000 ... 10 11g— 125 11g— 123 | 
5,334 Do. 7p.c atoulative Preference, Nos. 2,667 to 8,000 -10 115— 123 115— 12; | a8 30 
41,600 | India-Rubber, Gutta-Percha and Telegraph Works, Limited . 10 184— 19; 18 — 19 18:5 | 188 
200,000 Do. do. 4} p. c. Deb., - 100 100 —102 xd] 102 1014 
17,000.| Indo-European Telegraph, Limited oi 25 36 — 38 36 — 38 364 
38,348 | London Telegraph, Limited 10 7 7 
109,000 Do. . 6 p. c. Debentures . 100 105 —108 105 —-108 
49,900 *Metropolitan Blectric Supply, Limited, Nos. 6,101 to 50,000 .. 10 63 
436,700: National Telephone, Limited; Nos. 1 to 436,700 ... ase 6: 43 43 4. 4} 
15,000 Do. . 6 p. c. Cum. Ist Preference .. 10 123— 12; 12i— 12} BU) Li 
15,000 Do. . 6p.e. Cum. 2nd Preference (£8 only paid) pe 10 — 10; 10 — 10; | 
220,000 | Oriental Telephone, Ltd., Nos. 80,001 to 300,000 (11/- only paid) LL: . #8 
South of England T 
uth o g elephone, Ltd., “Ordinary, Nos. 1 to 2 000, eae 
200,760 2,501 to 3,500, 93,251 to 300,000 1 Hi ‘ 
20,000 Do. 6p.c. Cum. Pref., Nos. 1 to 20,000 (£34 only paid) 5 23—- 3 2i— 3 
8,381 | Submarine Cables Trust __.. Cert, | 113 —117 113 —117 | 
78,949 | Swan United Electric Light, Limited oF only paid) 5 53— 5} 6} 5% 5} 
37,350 | Telegra a Construction and Maintenance, Limi 12 43 — 45 43 — 45 ET 438 
150,000 do. do. 65p.c. Bonds, red. 1894 | 100 100 —102 100 —102 
55,000 | United River Plate Telephone, Limited 5 , 
146,000 Do. do. 5 p. c. Debenture Stock... ...| Stock | 90 — 94 90 — 91 
100,090 Do. do.  7p.c. Debs., Nos. 1 to 1,000 100 | 
15,609 | West African Telegraph, Limited, Nos. 7,501 to 23,109 .. 10 9 —10 Dre 
800,000 Do. do. do.  5p.c. Debentures … 100 99 —102 98 —101 100} 99} 
80,000 | West Coast of America Telegraph, Limited ane 10 4i— 5 di ,6 | 
150,000 Do. do. do. 8 p. c. Debs, repay. i902 ove 100 102 —107 102 —107 103} HER 
64,572 Western and Brazilian Telegraph, Limited 15 -| 11% 118 11} 
26,986 Do. do. do. 5p.c. Cum. Preferred .. 74 6i— 78 6: 7 7 74 
26,986 De. : do. 5p.c. Deferred .. 74 4$— 5} 64 44 4} 
200,000 Do. do. do. 6p.c. Debentures “A, "1910... 100 103 —106 103 —106 
250,000 Do.  6p.c. Mort. Debs., series “ B” of ’80, red. Feb., 1910 100 103 —106 103 —106 | 
88,321 | West India and Panama Telegraph, Limited  … oe 10 8 — 8} 24— 3% 33 256 
34,563 Do. Preference 10 113— 12 11;— 12 1111 11} 
4,669 Do. do. do, 6p.c.2nd Preference ... 10 14 — 15 14 — 15 
1,336,000 Western Union of U.S. 2e 7 p. c. 1st Mort (Building) Bonds $1,000 | 122 —127 122 —127 
179,300 Do. do. 6p. c. Sterling Bonds 100 29 —103 99 —103 
42,553 |*Westmstr. ‘Elec. “POP Corp Ord., Nos. 101 to 42, 953 (£2 only paid) 5 1— 1} 1}— 1} 1} Fe 
* Subject to Founders Shares. 
LATEST PROCURABLE QUOTATIONS OF SECURITIES NOT OFFICIALLY QUOTED. 
Blackpool Electric Tramway Company, Limited, £10 (£64 paid), 74—73.—Elmore Copper Depositing Priorities, 7 —7}. —Elmore’s 
French Patent Copper Depositing shares of £2 (issued at 105. premium, 15s. paid), 1,5;—1,4,.—House-to-House Company (£5 paid), 
5 —5}.—International Okonite, Ordinary of £10 (£7 paid), 6{—73.—London Electric Supply Corporation, Ordinary (£5 à 
| 2ÿ—24 —Manchester Edison and Swan, Company, £9 (£1 paid) 11/- —13/-. 
Bank Ratz oF Discount.—5 per cent. (25th September 1899). 
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THE ELECTRO-MAGNET* 


"By Prof. SILVANUS P. THOMPSON, D.Sc., BA, MLEE. 


(Continued from page 407.) = 


HyYsTERESIS. : | 

I have already drawn attention to the difference between the 
ascending and descending curves of magnetisation, and may 
now point out that this is a part of a set of general phenomena of 
residual effects. The best known of these effects is, of course, the 
existence in some kinds of iron, and notably in steel, of a rema- 
nent or sub-permanent magnetisation after the magne force 
has been entirely removed. To this retardation of effects, behind 
the causes that produce them the name of “ hysteresis’? has been 
given by Prof. Éwing. If a piece of iron is subjected to a mag- 
netising force which increases to a maximum, then is decreased 
down to zero, then reversed and carried to a negative maximum, 
then decreased again to zero, and so carried round an entire cycle 
of magnetic operations, it is observed that the curves of magneti- 
sation form a closed area similar in general to those shown in 


fig. 21. This closed area represents the work which has been 


ant, 


= 


VROUGHT 


Fra. 2L.—CUÈVES or Hysteresis. 


wasted or dissipated in subjecting the iron to these alternate mag- 
netising forces. In very soft iron, where the ascending and 
descending curves are close together, the enclosed area is small ; 
and, as a matter ot fact, very little energy is dissipated in a cycle 
of magnetic operations. On the other hand, with hard iron, and 
particularly with steel, there is a great width between the curves, 
and there is great waste of energy. Hysteresis may be regarded 


as a sort of internal or molecular magnetic friction, by reason of 


which alternate magnetisations cause the iron to grow hot. Hence 
the importance of understanding this curious effect, in view of the 
construction of electromagnets that are to be used with rapidly 
alternating currents. The following figures of Table V. give 


the number of watts (1 watt = +; of a horse-power) wasted 


by hysteresis in well-laminated soft wrought iron when subjected 
to a sucession of rapid cycles of magnetisation :— 


TABLE V.— WASTE oF Power BY HYSTERESIS. 


Watts wasted per cubic | Watts wasted per cubic 
B B * . foot at 10 cyclea foot at 100 cycles 
' per second, per second. 
4,000 | 25,800 40 400 
5,000 32,250 575 575 
6,000 38,700 75 750 
7,000 45,150 92°5 925 
8,000 51,600 111 1,110 
10,000 64,500 156 1,560 
12,000 77,400 206 2,060 
14,000 90,300 262 2,620 
16,000 | 103,200 B24 3,240 
17,000 | 109,650 394 3,940 
18,000 | 116,100 | 487 4,870 


It will be noted that the waste of energy increases as the mag- 
netisation is pushed higher and higher in a disproportionate 
degree, the waste when B is 18,000 being six times that when. B 
13 6,000. In the case of hard iron or of steel the heat waste would 
be tar greater. 


Another kind of after effect was discovered by Ewing, and 


named by him “ viscous hysteresis.” This is the name given to the 


gradual creeping up of the magnetisation when a magnetic force 


1s applied with absolute steadiness to. a piece of iron. This 


* Cantor Lecture. 
January 20th, 1890, 


Delivered before the Society of Arts, 


amount to seve 


_ - Hollow iron cores are as 


gradual cree up may go on for half-an-hour or more and 
per cent. of the total magnetisation. 
sie mp à that all = actions 
» TO , twisting, and the like, impair the magnetic quality 
annealed soft which has never been 
touched by a tool shows hardly any trace of residual magnetisa- 
tion, even after the application of magnetic forces. But the touch 
of the file will at once spoil it. Sturgeon pointed out the great 
importance of this pone In the specification for tenders for 
instruments for the British Postal Telegraphs, it is laid down as 
a condition to be observed: by the construator, that the cores must 
not be filed after being annealed. The continual hammering of 
the armature of an electro-magnet against the poles may in time 
produce a similar effect. Ss 


FALLACIES AND Facts ABOUT ELECTRO-MAGNETS. 


- I will conclude this lecture by stating a few of the fallacies 
that are current about electro-magnets and will add to them 
a few facts, some of which seem paradoxical. The refutation of 
the fallacies and the explanation of the facts will come in due 


course, 
Fallacies.—The attraction of an electro-magnet for its armature 


varies inversely, as the of its distance from the poles. 
an ‘electro-magnet are necessarily less 


The outer windings o 
effective than those that are close to the iron. 
good as solid cores of the same size. 
Pole pieces add to the lifting power of an electro-magnet. — 
It hurts an electromagnet (or, for that matter, a steel magnet) 


to pull off the keeper sud .- [It is the sudden slamming on 
that in reality hurts it.] à 


The resistance of the coil of an electro-magnet ought to be equal 


to the resistance of the battery. _ , 
A coil wound left-handedly magnetises a. magnet differentl 
from a coil wound. right-handedly. [It is not a question of wind- 
ing of coil but of circulation of current, | 5 volgen ne 

hick-wire electro-magnets are less powerful than thin-wire 
y insulated electro- et is more pow one 
square iron core is less powerful (as Dal Negro says, eighteen 
fold!) than a round core of equal weight. à 
The attraction of an electro-magnet for its keeper is necessarily 
less strong (one-third according to Du Moncel) sideways than when 
the keeper is in front of the poles. 1 


Putting a tube of iron outside the coils of an electro-magnet | 


makes it attract a distant armature more powerfully. | 

Facts.—A bar electro-magnet with a convex pole holds on tighter 
to a flat-ended armature than one with a flat pole does. 

A thin round dise of iron laid upon the fiat round end of an 
electro-magnet (the pole end being slightly larger than the disc) 
the disc is not attracted, and will not stick on, even if laid down 

If a flat armature of iron be presented to the poles of a horse- 
shoe electro-magnet the attraction at a short distance is greater, 
if the armature is presented :flankways, than if it is presented 
edgeways. On the contrary, the tractive force in contact is greater, 

dgeways than flankways. 
lectro-magnets with long limbs are practically no better than 
those with short limbs for sticking on to masses of iron. ; 


Lecrure January 277TH, 1890. 
General Principles of Design and Construction.—Principle of the 
| Magnetic Circuit. 

To-night we have to discuss.the law of the magnetic circuit in 
its application to the electro-magnet, and in particular to dwell 
upon some experimental results which have been obtained from 
time to time by different authorities as to the relation between the. 


construction of the various parts of an electro-magnet, and the 


effect of that construction on its performance.. We have to deal 
not only with the size, section, length, and material of the iron 
cores, and of the armatures of iron, but we 
the winding of the upper coil, and its form; and we have to speak 
in particular about the way in which the shaping of the core and 
of the armature affects the performance of the ‘electro-magnet in’ 
acting on its armature, whether in contact or at a distance. But 
before we enter on the last more difficult part of the subject, we 
will deal solely and exclusively with the law of force of the magnet 
upon its armature when the two are in contact with one another ; 
in other words, with the law of traction. PERRIER UE, 

I alluded in a historical manner in my first lecture to the prin- 
ciple of the magnetic circuit, telling you how the: idea had 
gradually grown up, perforce, from a consideration of the facts. 
The law of the magnetic circuit was, however, first thrown into 
shape in 1873 by Prof. Rowland, of Baltimore. He pointed out; 
that if you consider any simple case, and find (as electricians do 
for the electric circuit): an expression for the magnetising force. 
which tends to drive the magnetism round the circuit, and divide 
that by the resistance to magnetisation reckoned also all round 
the circuit, the quotient of those two gives you’ the ‘total amount 
of flow or flux of magnetism. That is to say, one may } ; 
the quantity of magnetism that passes in that way round the mag- 
netic circuit in exactly the same way as one: calculates’ the 
strength of the elec current by the law of Ohm. Rowland, 
i went a‘ great deal further than this, for he applied this 
very ion to the experiments made by Joule more than 30 


ve to consider also 
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years before, and from those experiments deduced the degree of 
magnetisation to which Joule had driven the iron of his magnets, 
and by inference obtained the amount of current that he had been 
causing to circulate. Now this law requires to be written out in 
a form that can be used for future calculation. To put itin words 
without any symbols, we must first reckon out from the number of 
turns of wire in the coil, and the number of ampéres of current 
which circulates in them, the whole magneto-motive force—the 
whole of that which tends to drive magnetism along the piece of 
iron—for it is, in fact, proportional to the strength of the current, 
and the number of times it circulates. Next we must ascertain 
the resistance which the magnetic circuit offers to the passage of 
the magnetic lines. I here avowedly use Joule’s own expression, 
which was afterwards adopted by Rowland, and, for short, so as 
to avoid having four words, we may simply call it the magnetic 
resistance. Mr. Heaviside has suggested as an advisable alterna- 
tive term, magnetic reluctance, in order that we may not confuse 
the resistance to magnetism in the magnetic circuit with the re- 
sistance to the flow of current in an electric circuit. However, we 
need not quarrel about terms; magnetic reluctance is sufficiently 
expressive. Then having found these two, the quotient of them 
gives us a number representing—I must not call it the strength of 
the magnetic current—I will call it simply the quantity or number 
of magnetic lines which flow round the circuit; or if we could 
adopt a term which is used on the Continent, we might call it 
simply the magnetic fluz: the flux of magnetism being the analogue 
of the flow of electricity in the electric law. The law of the mag- 
netic circuit may then be stated as follows :— 


{ 


magneto-motive force 
 reluctance 


However, it is more convenient to deal with these matters in 
symbols, and therefore the symbols which I use, and have long 
been using, ought to be explained to you. For the number of 
spirals in a winding I use the letter s; for the strength of cur- 
rent, or number of ampéres, the letter i; for the length of a bar, 
or core, I am going to use the letter; for the area of cross 
section, the letter a; for the permeability of the iron which we 
discussed in the last lecture, the Greek senbol ; and for the total 
magnetic flux, the number of magnetic lines, 1 use the letter N. 
Then our law becomes as follows :— . 3 


Magnetic flux = 


4Arsi. 
10 ” 


Magneto-motive force 


Magnetic reluctance = ap 
Magnetic flux :...N —— 
. AH 


If we take the number of spirals and multiply by the number of — 


ampéres of current, so as to get the whole amount of ci tion 
of electric current expressed in so many ampére-turns, and 
multiply by 47, and divide by ten, in order to get the proper unit 
(that is to say, multiply it by 1:257), that gives us the magneto- 
motive force. For magnetic reluctance, calculate out the reluc- 
tance exactly as you would the resistance of an electric conductor 
to the flow of electricity, or the resistance of a conductor of heat 
tothe flow of heat; it will be proportionate to the length, in- 
versely proportional to the cross section, and inversely proportional 
to the conductivity, or, in the present case, to the magnetic per- 
meability. Now if the circuit is a simple one, we may simply 
write-down here the length, and divide it by the area of the cross 
section and the permeability, and so find the value of the reluct- 
ance. Butif the circuit be not a simple one, if you have nota 
simple ring of iron of equal section all round, it is necessary to 
consider the circuit in pieces as you would an electric circuit, 
ascertaining separately the reluctance of the separate parts, and 
adding all together. As there may be a number of such terms to 
be added together, I have prefixed the expression for the mag- 
netic relactance by the sign = of summation. But it does not by 
any means follow use we can write a thing down as simply as 
that, that the calculation out of it will be a very simple matter. 
In the case of magnetic lines, we are quite unable to do as one 
does with electric currents to insulate the flow. An electric cur- 
rent can be confined (provided we do not put it in at 10,000 volts 

ressure, or anything much bigger than that) to a copper conductor 

y an adequate layer of adequately strong—and I use the word 
“ strong” both in a mechanical and electrical sense—of adequately 
strong insulating material. There are materials whose conduc- 
tivity for electricity, as compared with copper, may be regarded 
perhaps as millions of millions of millions of times less ; that is to 
say, they are practically ect insulators. There are no such 
things for magnetism. The most highly insulating substance we 
know of for magnetism is certainly not 10,000 times less permeable 
to magnetism than the most highly magnetisable substance we 
know of, namely, iron in its best condition; and when one deals 
with electro-magnets where curved portions of iron are surrounded 
with copper, or with air, or other insulating material, one is 
dealing with substances whose permeability, instead of being in- 


finitely small, compared with that of iron, is quite considerable. 


We have to deal mainly with iron when it has been well mag- 
netised. Its permeability, compared with air, is from 1,000 to 100 
roughly ; that is to say, the permeability of air compared with the 
iron is not less than from ;3;th to th part. That means that 
it is quite possible to have a very considerable leakage of mag- 


netic lines from iron into air occurring to complicate one’s calcu- 
lations, and prevent an accurate estimate being made of the true 
magnetic reluctance of any part of the circuit. Suppose, however, 
that we have got over all these difficulties, and made our calcula. 
tions of the magnetic reluctance; then dividing the magneto. 
motive force by the reluctance gives us the whole number of mag. 

There, then, is in its elementary form the law of the magnetic 
circuit stated exactly as Ohm’s law is stated for electric circuits. 
But as a general rule one requires this magnetic law for certain 
applications, in which the problem is not to calculate from those 
two quantities what the total of magnetic lines will be. In most 
of the cases a rule is wanted for the purpose of calculating back. 
You want to know how to build a magnet so as to give you the — 
requisite number of magnetic lines. You start by assuming thaf — 
you need to have so many magnetic lines, and you require to know | 
what magnetic reluctance there will be, and how much magneto- | 
motive force will be needed. Well, that is a matter precisely 
analogous to those which every electrician comes across. He does 
not always want to use Ohm’s law in the way in which it is com- 
monly stated, to calculate the current from the electromotive force 
and the resistance ; he often wants to calculate what is the elec- 
tromotive force which will send a given current through a known 
resistance. Andsodowe. Our main consideration to-night will 
be devoted to the question how many ampére turns of current cir- 
culation must be provided in order to drive the required quantity 


of magnetism through any given magnetic reluctance. Therefore, 
we will state our law a little differently. What we want to calcu- 


late out is the number of ampére turns required. When once we 
have got that, it is easy to say what the copper wire must consist 
of; what sort of wire, and how much of it. Turning then to our 
algebraic rule, we must transform it, so as to get all the other — 
things beside the ampére turns, to the other side of the equation. 
So we write the formula :— : | 


gi — 


We shall have then the ampére turns equal to the number of 
magnetic lines we are going to force round the circuit multiplied | 
by the sum of the magnetic reluctances divided by 1‘257. Now, 
this number, 1,257, is the constant that comes in when the length, 
l, is expressed in centimetres, the area in square centimetres, and 
the permeability in the usual numbers. Many persons, unfortu- 
nately—I say so advisedly, because of the waste of brain labour 
that they have been compelled to go through—prefer to work in 
inches and pounds and feet. They have, in fact, had to learn 
tables instead of acquiring them naturally without any learning. 
If the lengths be specified in inches, and areas in square inches, 
then the constant is a little different. ‘The constant in that case, 
for inches and square inch measures, is 0°3132, so that the formula 

mes :— | 


: 
si=WN x x 03132. 


Here it is convenient to leave the law of the magnetic circuit, and 
come back to it from time to time as we require. What I want to 
point out before I go to any of the applications is, that with the 
guidance provided by this law, one after another the various 
points that come under review can be arranged and explained, and 
that there does not now remain—if one applies this law with 
judgment—a single fact about electro-magnets which is either 
anomalous or paradoxical. Paradoxical some things may seem in 
form, but they all reduce to what is perfectly rational when one 
has a guiding principle of this kind to tell you how much mag- 
netisation you will get under given circumstances, or to tell you 
how much magnetising power you require in order to get a given 
quantity of magnetisation. Iam using the word “ magnetisation ” 
there in the popular sense, not in the narrow mathematical sense 
in which it has sometimes been used (1.e., for the magnetic moment 
per unit cube of the material). Iam using it simply to express 
the fact that the iron or air, or whatever it may be, has been sub- 
jected to the process which results in there being magnetic lines 
of force induced through it. — 

Now let us apply this law of magnetic circuit, in the first place, 
to the traction, that is to say, the lifting power of electro-magnets. 
The law of traction I assumed in my last lecture, for I made it the 
basis of a method of measuring the amount of permeability. The 
law of magnetic traction was stated once for all by Maxwell, in 


his great treatise, and it is as follows :— 


B° 
| 
where 4 is the area in square centimetres. This becomes 

That is, the pull in grammes per square centimetre is equal to the 
square of the magnetic indactice; À (being the number of mag- 
netic lines to the square centimetre), divided by 8 r, and divided 
also by 981. To bring grammes into pounds you divide by 453°6; 
so that the formula then becomes :— ane : 


P (lbs) = 183,000? 


‘or if square inch measures are used :— 


B,2 a” | 


P (Ibs.) = 72,184,000" 
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To save future. trouble we will now calculate out from the law 
of traction the following table, in which tbe traction in grammes 
per square centimetre or in pounds per square -inch, is set down 
opposite the corresponding value of B. 


TABLE VI.—MAGNETISATION AND Magnetic TRACTION. 


~ 


j 
lines per lines per À equate | P 
square squ‘Te | centumetre: | centimetre. | centimetre. | square inch. 
cen .imetre. inch, 
1,000 6,450 - 39,790 40°56 0456 ‘577 
2,000 12,900 159,200 1623 |, ‘1623 | 2°308 
3,000 19,350 358,100 365'1 ‘3651 5°190 
4,000 | 25,800 | 636,600! 6489 | -°6489 9-228 
5,000 32,250 994,700 | 1,014 1°014 14:39 
6,000 | 38,700 | 1,432,000 | 1,460 1460 20°75 
7,000 45,150 | 1,950,000 | 1,987 1:987 28°26 
8,000 51,600 | 2,547,000 | 2,596 2°596 36°95 
9,000 58,050 | 3,223,000 | 3,286 3°286 | 46°72 . 
10,000 64,500 3,979,000 | 4,056 4056 57°68 | 
11,000 70,950 | 4,815,000 | 4,907 4°907 69°77 
12,000 77,400 | 5,730,000 | 5,841 5'841 8307 — 
13,000 83,850 | 6,725,000 | 6,855 6°855 97°47 | 
14,000 90,300 | 7,800,000 | 7,550 7°550, 113°1 
15,000 | 96,750 | 8,953,000 | 9,124 9°124 129°7 
16,000 103,200 | 10,170,000 | 10,390 10°39 147-7 
17,000 | 109,650 | 11,500,000 | 11,720 11°72 166°6 — 
18,000 | 116,100 | 12,890,000 | 13,140 13°14 186'8 
19,000 | 122,550 | 14,360,009 | 14,630 14°63 298°1 
20,000 | 129,000 | 15,920,000 | 16,230 16°23 230 8 


This simple statement of the law of traction assumes that the dis- 
tribution of the magnetic lines is uniform all over the area we are 
considering; and that, unfortunately, is not always the case. 
When the distribution is not uniform, then the mean value of the 
squares becomes greater than the square of the mean value, and 
consequently the pull of the magnet at its end face may, under 
certain circumstances, become greater than the calculation would 


lead you to expect—greater than the average of B would lead you 


to suppose. If the distribution is not uniform over the area of 
contact, then the accurate expression fur the tractive force (in 
dynes) will be | | 
P B’da, 


the integration being taken over the whole area of contact. 


To aalrano- 


Cuunter- 
j 


Fie. 22.—Bosanquet’s VERIFICATION OF THE LAW OF 
TRACTION. 


This law of traction has been verified by experiment. The 
most conclusive investigations were made about 1886 by Mr. R, 


‘H. M. Bosanquet, of Oxford, whose apparatus is depicted in fig. 
‘22. ‘He took two cores of iron, well faced, and surrounded them 
- both by magnetising coils, fastened the upper one rigidly, and 


suspended the other one on a lever with a counterpoise weight. 


_To the lower end of this core he hung a scale pan, and measured 


the traction of one upon the other when a known current was cir- 
culating a known number of times round the coil. At the same 
time he placed an exploring coil round the joint, that exploring 


. coil being connected, in the mauner with which we were experi- 


menting last week, with a ballistic galvanometer ; so that at the 
moment when the two surfaces parted company, or at the 
moment when thé magnetisation was released by stopping 


‘the magnetising current, the galvanometer indication enabled 


him to say exactly how many magnetic lines went through 
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that exploring coil. So that, the area, you could 


calculate the number per square cen metre, and you could 
Ww 


therefore compare B*? with the pull per square centimetre 
obtained directly on the scale-pan. Bosanquet found that 
even when the surfaces were not absolutely perfectly faced the 
correspondence was very close indeed, not. varying by more than 
1 or 2 per cent. except with small magnétising forces, say forces 
leas than 5 C.G.S. units. When one knows how irregular the 
behaviour of iron is when the ing forces are so small as 


magne 
this, one is not astonished to find a lack of proportionality. The — 


correspondence was, however, sufficiently exact to say that the ex- 


periments verified the law of traction, that the pull is proportional — 
uare of the magnetic induction through the area, and in- 


to the 
tegrated over that area. : 


(To be continued.) 


NEW PATENTS—1890. 


14077. “ Automatic transmitter for submarine cables or long 


telegraph lines.” T.J. Witmot. Dated September 8. 
- 14090. “Improvements in oil cans especially adapted for use 
on electrical installations.” A. J. JAgman. Dated September 8. 
14155. “ Improvements connected with switch boards for tele- 
pbusie systems.” H.T.O. Fraser and J. W. Brown. Dated 
eptember 9. | 
14168. ‘ Improvements in tools for the making of splices in 
submarine and other telegraph cables, ropes, and cables.” F. 


_Frast. Dated September 9. | 
14191. “ Improvements relating to electric railways.” M. W. 


Dewey. Dated September 9. (Complete.) me 
14193. “ Improvements in means or apparatus for controlling, 


regulating, or automatically interrupting and indicating electric | 


currents.”” R. LANGHANS. Dated September 9. 

14196. “Improvements in incandescent electric lamps.” W. 
R. Lake. (Communicated by J. B. Tibbits, United States.) 
Dated September 9. 


14197. “Improvements relating to the use of electric motors 
_ and to the regulation or control of machinery operated thereby.” 


W. R. Lake. (Communicated by the Thomson-Houston Inter- 
national Electric Company, United States.) Dated September 9. 
(Complete.) | | 
14202. ‘‘Improvements in apparatus for receiving payments, 
and for permitting the use of telephonic apparatus in exchange 
therefor.” W. R. Lake. (Communicated by P. Bunamico, Italy.) 
Dated September 9. 
- . 14204, “An improved electric miners’ safety lamp.” G. C. 
Levey. Dated September 9. es | 
14260. “Improvements in electric or magnetic carrier systems, 
otherwise known as port-electrics.” H.J. Happan. (Communi- 
cated by J:'T. Williams, United States.) Dated September 10. 


(Complete.) 
14341. Improvements in electrical apparatus for reproducing 


sound.” J. E. Rouzzz. Dated September 11. 


14349. “ An improvement in electric meters.” Siemens Bros. — 


AND Co., Limirep. (Communicated by Siemens and Halske, 


Germany.) Dated September 11. ; : 3 
14368. “An automatic electric lighting contrivance for stair- 


cases.” L.A. THRANITZ. Dated September 11. à 


14394. ‘ Improvements in electric bells.” F. W. Warre and 
E. F. Furtapo. Dated September 12. 


14459. “Improvements in electric bells or sounding appa- | 
E. Epwarps. (Communicated by G. Bénard, France.) 
Dated September 13. | Le 


ratu 3.’ 


14460. “Improvements in electric bells.”  E. Epwarpbs. 
(Communicated by G. Béaard, France.) Dated September 13. — 

14482. “An improved connection for electroliers or electric 
R. B. Eveerp and T. Rupitine. Dated Septem- 

er 13. | 

14484. ‘ An improved combined electric switch and connecting 
or coupling device.” R. B. Everep and T. Rupzina. Dated 
September 13. | 


14536. ‘“ Improvements relating to means for connecting glow 
lamps to their holders and for connecting together the | ages of 
other electrical apparatus.” H. J. F. Vorar and J. Sraupr. 
Dated September 15. 


14548. “Improvement; in the art of and apparatus for tele- 
graphing and telephoning and similar purposes.” 8S. L. Wigcanp. 
Dated September 16. (Complete.) | | 

14553. “ Improvements in and relating to train signalling 
R. S. Hampson and R. Forster. Dated Septem- 


14693. “ Improvements in electric signalling apparatus.” 
W. R. Lake. (Communicated by the Hall Signal Company 
United States.) Dated September 16. (Complete) 

14604. “ Improvements relating to the heating of metals and 
other materials by electricity.” M. W. Dewey. Dated Septem- 
ber 16. (Complete.) 

14609. “ Improvements in electrically propelled vehicles ia the 
arrangement and connections of the motors and power trans- 
mitting devices thereof, and the method of operating the same, a 
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portion of the invention being applicable to the transmission of 
wer for other uses,” .B, J. oi Mitts. (Communicated by 

. H. Johnson, United States.) Dated September 16. 

14613. “ Electric-motor car.’ W. Rosrnson. Dated Septem- 
ber 16.  (Complete.) 

14624. : Improvements in the manufacture of metallic articles 
by electrolysis and apparatus for that purpose.” A. S. ELmoee. 
Dated September 16. | 

14627. “Improvements in shadowless arc electric lamps.” 
A. G. Mécavisn. Dated September 16. | 

14634, ‘“ Improved apparatus for electric light signalling.” 
E. F. Dated September 16. (Complete) 

14666. ‘ Improvements in electric switches.” J. CHARTERS. 
Dated September 17. 

14679. ‘‘ Improvements in electrical alarm apparatus for shops, 
stores, and other purposes.” W. WiLKINsON and W. A. Sykes. 
Dated September 17. 


14686. ‘“ Improvements relating to the preparation or treat- 
ment of carbons for electric lamps or lighting apparatus.” W. R. 
Lake. (Communicated by. Lacombe & Co., France.) Dated 
September 17. | 

14696. ‘Improved telegraphic relay.” J. P. Bayzy. (Com- 
municated by J. M. Treber, United States.) Dated September 17. 
14698. .“ Improvements in conductors for the distribution of 
electrical energy, and in apparatus connected therewith.” R. E. B. 
CROMPTON . A. CHAMEN. Dated September 17. 

14748. “Improvements in apparatus for electrically giving 
alarm from letter plates, post boxes, and other purposes.” 
P. WizziaAms. Dated September 18. | | 
_ 14776. ‘ An improved process and means for the electro- 
deposition of metals.” C.'T.J. Vautin. Dated September 18. 

14807. ‘“ An improvement in thé supply of electricity in medical 
cases.” J.Gnezpa. Dated September 19. 

14817. ‘ Improvements in and relating to the distribution of 
electrical energy.” R. Kennepy. Dated September 19. (Complete ) 


14830. ‘ Improved means of accommodating electric wires in 
buildings.” F. Watton. Dated September 19. 


ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1889. 


6544. “Improvements relating to electric incandescence 
lamps.” A.A. Gozps10x. Dated April 16. 8d. The object of 
the invention is to provide such lamps with improved cut-outs, 
adapted to operate automatically when the carbons or light-giving 
conductors become destroyed. 5 claims. 


6578. ‘Improvements in arc lamps.” G. HookHam. Dated 
April 17. 8d. The feed mechanism is actuated by the weight of 
_ the upper carbon and the carbon holder. The descent of this 

pa ai cg by the eddy currents generated in a Foucault 

isc. 1 claim. | 


6675. “Improvements in electrically-driven fans.” H. G. 
WateL. Dated April 18. 6d. The inventor converts the rim of 
the fan into the armature of an electro-dynamic machine, or he 
applies the ring armature of such a machine to the periphery of 
the fan, and converts the fixed framing within or against which 
the fan works into field electro-magnets, or he applies such field 
magnets to the framing. 2 claims. 


A SPEEDY METHOD OF LOCALISING DE- 
FECTS IN AN ELECTRIC LIGHTING 
CIRCUIT. | 


THIS is described by M. Henri Wilbrant (La Lumitre 
Electrique), who recommends it for its simplicity. Au 
earth connection had formed in the negative conductor 
of a double line, the latter being compored of two 
parallel and identical protected cables laid in the clay. 
The following diagram indicates the way in which the 
defect was localised :—An-.ampéremeter is attached to 
each conductor where the line commences, and both 


conductors are united together to a powerful battery of © 
accumulators. ‘At the.end of the line the conductors — 


are looped together. The battery being connected to 
the earth at its other extremity the current is closed by 
the defect and by the conductors forming the shunts, 
MON, and Ma@N. Measures have been taken for 
ubtainivg an intensity of current that will render the 
reading of the ampéremeter an easy matter. The 


readings, @ and Jb, are inversely proportional to the .. 


resistances of the circuits in which the instruments 
have been inserted, and, as the conductor cables are 


identical, the resistances are directly. proportional to 
the lengths in metres. It is as well to take into account 
any resistances from accessory loose cables in effecting 
the junctions with the ampéremeter and the battery. 


— 


CH 


EARTH FAULT MAKING 
|  EARTH 


Let x represent the length in metres from the com- 


mencement of the cable to the defect (shunt M aN); L 
the length in metres of the two cables (this length having 
been previously ascertained), and a and à the number of 
the ampéres indicated by the inst: uments, the ordinary 
calculation of the ramified circuits is :— z : 


In applying this method to the total length of a 900 


metres line, an approximation was obtained of close 
‘. upon 5 metres, the difference being attributable to 


difficulty in reading from ampèremeters of the ordinary 


_ type. | 


COMMUNICATIONS FROM AUSTRIA- 
HUNGARY. 


[FROM A CORRESPONDENT. | 


THE Buda-Pest electric town tramline makes constantly 
so satisfactory advances, that it already. appears neces- 
sary to enlarge the central current installation of this 
line. On behalf of the undertaking of the town line 
which is applying for the concession of the execution 
of this extension, its necessity is urged along with the 
establishment of a new line, on account of the in- 
creased traffic on the most important lines. The con- 
cession will, without doubt, be granted. : 

At the Innsbruck electric central station, an inte- 
resting case has occurred. A spider was climbing, 
during the work, on one of the lightning protectors, 
and occasioned an earth connection, in consequence of 
which an induction bobbin was damaged by breaking 
the insulation. In order to prevent similar occurrences 
for the future, the lightning protector plates are closed 
up in glass boxes. The spider itself has paid with its 
life for its unwarranted intrusion into the primary cir- 
cuit of 2,000 volts. — 

The Vienna Electric Company (not to be confounded 
with the International Electric Company, also esta- 
blished in Vienna), has erécted in the Neubad Gasse 
an electric central station, with the use of the five-lead 
system. For employing this system in one of the most 
densely-populated quarters of the city, the company had 
to erect electrical works which naturally occasioned 
serious annoyance to the inhabitants, and, ir. con- 
sequence, an endless succession of law suits. The 
peculiar situation in which the company is now 
placed is illustrated by the following notice from 
the Vienna Æxtra-blatt. Says this paper: At last 
the thoroughfare through the Neubadgasse into the 
Naglergasse, after being closed for three years, is re- 
opened. : Still the process between the inhabitants and 
the electric company is not yet decided. The inha- 
bitants, especially Prince Esterhazy (represented by Dr. 
Lichtenstern), Herr Wieser, of the Neubad Hotel, and 
Herr Haag, of the Hotel Miiller (represented by Dr. 
Peiez), and the Knight von Weissenfeld (represented 
by Dr. Ziegler) have entered actions against the com- 
pany, as the powerful machinery disturbs the quietness 
and causes the walls to vibrate. The company has been 
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ordered to construct the machinery. so as to abate the 
nuisance. - Bat-it has latterly appealed against this de- 
cision, and there is now a perfect complication of 
appeals, protests, decrees, and decisions. One nighta 
400 horse-power engine at the central station was set in 
action, when confusion at once arose in the adjoining 
houses, the walls trembled, the windows rattled, and 
Prince Esterhazy leaped out of bed in dismay. Count 
Kielmansegg the ‘ Statthalter,” a municipal official of 
higher rank than a mayor, at once visited the Prince’s 
palace and the hotels Miiller and Neubad, and con- 
vinced himself of the reality and the nature of the 
disturbance. | 


THE SEVILLE CENTRAL STATION. 


A CENTRAL electricilight station has been erected in 
the Calla de Las Mozas, Seville, and is described in a 
newspaper published in that town. The boilers com- 
prise six of the well-known Belleville type. and four 
vertical compound Offman steam engines. Four com- 
pound dynamos of the Brown type are installed, each 
having an output of 480 ampères, at a difference of 
potential of 110 volts. These dynamos and the engines 
were made by the well-known Oerlikon Engineering 
Works, near Ziiricb, whilst the regulating apparatus 
was furnished by Messrs. Woodhouse and Rawson 
United. 
The distribution of current is effected by means of 
mains Jaid underground. These mains consist of copper 
wires insulated by vulcanised rubber, and then en- 
circled with leaden tubes, and laid in iron pipes, which 
form the conduit. Current is obtainable both day and 
night. The incandescent lamps employed range from 
10 to 1,000 candle-power, and the arc lamps from 500 
to 1,000 C.P. The price charged for current compares 
very favourably with that of gas, even when the cost of 
wiring is considered. Already a number of subscribers 
has been obtained, and, notwithstanding the local oppo- 
sition, it is expected that the station will become a com- 
mercial success, and probably be: the forerunner of 
several others iu Andalusia. 


CONFERENCE OF POSTAL TELEGRAPH 
CLERKS. : | 


be held in Liverpool to-morrow, when the features of 
the recent revision of their status will form the chief 
subject of discussion. The importance of such a 
meeting can scarcely be exaggerated when it is remem- 


of the members of the postal telegraph staff through- 
out the United Kingdom, this section of the public 
service alone numbering, we believe, upwardsof 10,000 

That the deliberations of this assembly will be 
followed with peculiar interest and concern by all 


without saying, and to many who are not telegraph 
clerks, but who trace the course of current events. the 
reintroduction of that outcome of the ‘“ benevolent 
disposition” of the Postmaster-General and his admi- 
nistrators, “the official reporter” will revive the 
recently-discussed topic of the right to “free public 
meeting.” 

Many of our readers will remember the restrictions 
placed this year on all sections of Post-office employés 
holding such meetings, their general and almost un- 
qualified condemnation by the press, and their plausible 
interpretation by the Postmaster-General in the House 


pressed as to the genuineness of the “ benevolence ” 
attending such unnecessary limitations, and it is 
melancholy news indeed to hear. that the movement 
which the telegraph clerks have carried on so mode- 
rately and constitutionally has not been signalised by 
- equal forbearance and consideration on the part of those 


A SPECIAL conference of postal telegraph clerks will 


bered that the delegates attending represent the whole | 


parties throughout what is termed “the service” goes 


of Commons and elsewhere. General doubt was ex- — 
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for: whom the Postmaster-General has professed almost 


too muchin the Honse of Commons. We refer nowtothe 


dismiasal of a well-known and popular member of, the 
London staff ;.a young man whose only faults appear to 
have. been his manly candour and his unswerving 

Elected by the staff of the Central Telegraph Depart- 
ment to a position on the execative committee, intelli- 
gent, enthusiastic, and, as we have already said, honest, 
he in some way fell foul of the: higher authorities, 
his dismissal being due to ‘“ what he had said,” though 
where and when the negative or positive oration which 
led to this result was delivered was not vouchsafed. 

It is gratifying, however, to learn that a promising 
opening has already been found for this young man, 
and that he has little to regret in leaving the Telegraph 
Department beyond the loss of seven or eight years of 
underpaid service, Possibly, if he be of a thoughtful 
- enquiring turn of mind, he may ask, in the words of 

urns—. | | 

| was an independent wish 

_.. E’er planted in my mind? | Lis 
and, for an answer, the Postmaster-General might com- 
‘mend him to the same poet’s lines on “The Creed of 
Poverty.” Under the circumstances he will amply 
realise their point. 
_ As might be expected, the delegates attending the 
conference will be asked to give utterance to an ex- 
pression of sympathy with their late colleague, = 

It is no doubt one of the stock arguments of the 
Civil Service at such times, that examples must be 
made, and, that the line, as the hangman said, must be 
drawn somewhere, so we are not surprised to hear that 
others are under a certain degree of official displeasure. 
The effect of such incidents on the calm debating spirit 
and general character of a conference such as that 
under notice cannot be said to be.reassuring, but we 
trust that in all its transactions the special conference 


: 4,7 


of telegraph clerks will refrain from taking up a posi- 


tion which might be constraed as expressive of resent- 
ment, defiance or disgast, at the same time exhibiting 
neither timidity nor panic, but holding steadfastly on 
for the recognition of those claims which are reasonable 
and justifiable in the general interests of all classes of 
postal 

We have made a carefal study of the new scales of 


_ pay, their methods of application, new system of sick — 
pay, hours of daty, the matter of annual leave, and last, | 


but not least, the vexed question of a “ reasonable pro- 
spect.” These importans points it is our intention to 
discuss more fully hereafter. We fiad that munch as 


has bsen done by the Postmaster-General and those 


who have been at his right hand throughout the 
framing of the new scheme, there still remains much 
to level up and much to clear away. _ : 

The substantial benefits conferred must not be lost 
sight of by the conference, neither should they be 
overrated,.as some of the reforms may be said to be 
more apparent than real, and it will not be until Jaly, 
1891, that the general body of telegraph clerks will feel 
any appreciable improvement in their salaries. = 

It will not inspire the public with. very high ideas 


of the way things are being administered in the tele- 


graph service when it is known that increments were 
given under the new scheme at some of the provincial 
offices recently, and recalled in a week or two after. 
This may be a playful method of perpetrating a joke, 
but there is.something very clumsy about it notwith- 
standing, and no one will envy the feelings of the un- 
fortnnate individuals concerned. 
Whether revision of the new scales of pay may be 
practicable at the present time or not we cannot say, 
but it is stated that they are not regarded as being 
entirely ,satisfactory, and we believe that moderate 
and rational. methods will gain for the telegraph 
clerks thé more equitable settlement of such minor 
oints as appear to us to require improving. For 
instance, the inconsiderate system of stopping the 
pay of the poorer sections daring absence through 
sickness, whilst others have gained the great boon 
of exemption from. deduction or stoppage, will, 
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we think, if ET represented, be remedied. The 
question of annual leave will also bear remodelling, 
and we are hopeful that the Postmaster-General has not 
yet exhausted his beneficial resources ; and no doubt 
the conference will recognise other features on which 
they may feel it their daty as well as their privilege to 
approach the Postmaster-General. 


CORRESPONDENCE. 


Alternating Current Meters. 


Referring to the letter of Mr. Tesla in last week’s 
ELECTRICAL REVIEW on the subject of alternating 
motors, I should feel obliged if you would allow me to 
modify some statements therein contained with refer- 
ence to an alternating current meter devised by 
Messrs. Alderton, Philpott, and myself, and recently 
perfected by Mr. Ferranti. 

In August, 1888, while experimenting with an alter- 
nating current meter made on the principle suggested 
by Prof. Ferraris in the spring of that year, viz., sur- 
rounding a copper cylinder, capable of rotating, by two 


currents differing in phase were passed, the difference 
of phase being obtained by using the currents from the 
primary and secondary of an induction coil. I modified 


this arrangement by substituting Mr. Tesla’s ring-shaped | 


field with two pairs of coils wound on the quadrants, 
and passed through these two circuits respectively, cur- 
rents from the primary and secondary of a transformer, 
instead of using a special two-phase generator, as 
employed by Mr. Tesla. Then a co-worker of mine in 
the same field, Mr. G. Alderton, suggested making the 
above ring-field act as the transformer itself by short- 
circuitiog on themselves a few turns of copper wire in 
two opposite quadrants and sending an alternating 
current through the other quadrant’s coils. This 
-answered, but was greatly improved by making each 
of the two short-circuited secondaries only cover an 
octant instead of a.quadrant, and the first meter of this 


form was put in the Grand Hotel at Brighton in > 


September, 1888. 

Mr. G. J. Philpott then discovered that rotation of 
the iron disc could be produced by placing itin the 
field formed of laminated iron stampings of the shape 
of a J, the disc being put near the curved part of the 
iron, and the straight part magnetised by an alternating 
field. We then found that the rotation was very much 
accelerated by putting a few short circuited turns of 
copper wire round part of the iron magnet which was 
uncovered by the exciting coil. Within a week of this 
improvement being made, we were naturally dis- 
appointed to find in the ELECTRICAL REVIEW that 
. Prof, Elihu Thowpson had forestalled us in some of 
our forms, and in enunciating the most probable cause 
of these rotations, namely, the gradual movement of the 
magnetic poles along a mass of iron in or around 
which secondary currents are allowed to be generated, 


vr as Dr. Fleming happily puts it, “a gradual shifting 


of a magnetic pole takes place owing to the high 
magnetic self-induction of the core.” I may add that 
Mr. Philpott found that these rotations could be ob- 
served in certain positions near a loaded transformer in 
which the magnetic leakage was excessive, and thus 
formed a rough test of the transformer’s defect in this 
1e3pect. 

I quite think with Mr. Tesla that his latest method of 
obtaining rotations by magnetically screening part of 
the iron poles is distinct from the method mentioned 
above, but think he is wrong in stating that the rotation 
in our meter is due to the same cause as that in the 
Schallenberg form. There appears to be several methods 


of producing this valuable effect of rotation of an arma- _ 


ture without collectors or commutators, in an alterna- 
ting field, which do not necessarily all require the same 
| explanation. For instance, I would refer your readers 


tn the interesting electrical apparatus devised by M. 
Fontevielle and described in the ELECTRICAL REVIEW 
in Jaly 1880 ; also to the wonderfally ingenious meters 


devised by M. Borel and Paccaud in 1887 and patented - 


in this country io January, 1888. Perhaps the above 
may show Mr. Tesla that it is quite possible for different 


individuals to work in this interesting field, without 


the fact of like results being obtained, in any way 
detracting from the individual merits of “their labours, 
or that there can be only one cause for these rotations. 


Arthur Wright. 
October Tth, 1890. 


Telephone Indection Coils. 


In your last number you have a description under 
this heading of an arrangement by Mr. T. D. Lockwood 
in which a closed magnetic circuit induction coil is used 
in conjanction with an ordinary open ended coil. It is 
not, however, of this that I wish so particularly to 
speak as of the editorial note appended, in which you 
state that you “ witnessed some experiments a few 
yeara ago with coils constracted like transformers, to 
be used for translation purposes from a single wire toa 
double wire system, but the speaking results were 


ext l though th 4 of the call bell 
coils at right angles to each other, through which two : MER, ringing 


(in the magnets principally), was all that could be 


desired. On the other hand it was fonnd that when © 


ordinary induction coils were used as translators the 
speaking was excellent, but the magneto bells wonkl 
not ring.” 

Now in connection with a patent taken out in 1535 
by Mr. Ferrauti and myself we carried on an extended 
series of experiments with coils of this character, 
particularly with a view to their use as yon describe, 
viz., as translators from a single to a double wire or 
vice versa, and with the intention that the call siguals 
should be made right through both coils by indaction 


‘without the intervention of any extraneous apparatus. 


Several curious and interesting effects were obtained 
exactly in accordance with theory, in fact such coils 
can be made to illustrate many of the laws of indaction 
in a most pleasing and convincing manner. 


The results vary in accordance with the way 


the coils are constructed, but it is by no means 
the case that when the coils are properly made the 
speaking results are extremely poor. In some experi- 
ments at the telegraph office on an underground wire 
to Gloucester Road, for which facilities were kindly 


afforded by Mr. Preece, the speaking through the coils — 


best suited to the work was found to be indistinguish- 
able from that through coils which the Post Office 
authorities, after many experiments, had found to give 
the best effects. In addition to this of course the closed 
circuit coils possessed the advantage that call signa 8 
could be transmitted through them, even when me 
resistance of the circuits was considerable. 

It is true that coils can be constructed t) give 
astonishing results when signalled through, but in 
which the speaking is poor, if the main line has any 
appreciable capacity, such a form, however, must be 
avoided. 

I send you this note in the interest of closed circnit 


coils when used as translators. When used as trans- 
 mitter coils they certainly do not appear to be success- 


ful, no doubt for the reason advanced by Mr. Lock- 
wood. 

The whole subject, however, dépend fuller and 
more exact treatment than it has yet received. 


G. L. Addenbrooke. 
October 1si, 1890. 


Electrical Heterodoxy. 


It can be easily seen there was no attempt to dis- 
guise the logomachy of my letter, the whole subject 
has been a contention of words ever since Benjamin 
Franklin enunciated the one force theory of elec- 
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tricity, in which positive and negative (now + and —) 
mean plus and minus. 


But why does Mr. Johnstone take me to task over 


the one particular paragraph, there is not a great deal 
of logomachy in contending that plus and minus elec- 
trification and the quality of polarity do not necessarily 
force one to believe in two electricities. | 
minus anything are not opposite and therefore polar 
qualities, I fail to understand what + and — mean. 


Had I written positive and negative electricity Mr. 
Johnstone’s objection might be valid. I am not so sure — 
the other paragraph would have remained unwritten | 


had I perused Mr. Johnstone’s book, it would take a 
lot of evidence to prove to my satisfaction that glass is 
porous in the sense referred to. Mr. Johnstone writes 
of electric matter passing through the pores of glass, 
What is this “ electric matter” ? A substance of course, 
or it could not be matter and what are these “ particles 
of a current of electricity.” In contending for his 
“electric matter” Mr. Johnstone must beware of 
getting logomachic, for there was a theory of an elec- 
tric fluid, and I suppose fluid must be matter. I pre- 
sume the test tube used by Mr. Johnstone, also the 
several referred to in the editorial article were (accord- 
ing to Mr. Johnstone) sufficiently porous to let the 
“electric matter” through. Notwithstanding Mr. 
Johnstone’s theory that a Leyden jar becomes charged 
because of the smallness of the glass pores and there- 
fore the above series of test tubes most unsuitable 
material, I fancy few experimentalists will hesitate to 
say the whole lot of these non-perforated porous tubes 
would make very fair Leyden jars. | 

Really there is little necessity for me to read Mr. 
Johnstone’s book. 
- It would have been more to the point had Mr. John- 
stone shown the apparatus illustrated in my letter did 
not tend to prove the explanation in the editorial 
article and also to have shown that my surmise, re the 
gas flame was incorrect. 3 


Bat why this contention for electric matter, flaid or . 


what not? When things might be simplified by the 
endeavour to demonstrate that electrical effects are the 
results of certain conditions of motion in the matter of 
the circuit itself, whether the effects or circnits be 
electric or maguetic, I have not brain power sufficient 
to say how and why but feel sure a future Faraday will 
arise and pat us right in simple and truthful language. 


As this logomachic correspondence can do little else 


than waste valuable space, it is concluded so far as I 
am concerned. | 


Henry Sutton | 
October 4th, 1890. | 


Fusible Cut-Oats in Armatures. 


Your correspondent ‘“ E. J. M.” will find his enquiry 
of dth ultimo answered by referring to United States 
… patent, No. 281,904 of July 24th, 1883, wherein I have 
covered the use of fusible plugs between each section 


of the armature and the corresponding segments of the 


commutator of both dynamos and motors. 


| J. M. MeMahan, 
October 2nd, 1890. 


Reciprocating aud Stationary Lines of Force. 


Prof, Elihu Thomson, in his recent communication to 
you in your issue of September 26th, appears doubtful 
as to whether the lines of magnetism emanating from the 
axial solenoid in his new machine rotate with the re- 
volving core and armature; and we are told “the 
actions would be the same whether they rotate or not.” 
This, I think, is a somewhat hasty conclusion, even 
from such an authority ; for if the classification of 
physical or magnetic actions is permissable, and, as ex- 
perience teaches, desirable, then the distinction between 
fixed magnetism and reciprocating or vibrating mag- 


If plus and 


netism would determine the category in which this 
machine should be placed: if in the induction coil: 
class or with the Gramme or Siemens type of con- 


tinuous current machines. 


The former depend for their current on reciprocating 
lines of force intersecting an electrical condactor, while 


the latter produce current by the continuous movement 
of a conductor through fixed lines of force. 

It is as well to be clear, to lay hold of the right line 
of thought, to see the path we are treading and whither 
it may lead, even though ultimate: results may at pre- 
sent be obscured by the mists of uncertainty. It is re- 
assuring to feel that one is on the right track.. 

Like a man, a dynamo has an inside and an outside. 
The latter may not be impressive or picturesque ; but 


it is the inner life, the lively and conflicting forces to 


be seen only by the mind’s eye, that makes electrical 
contrivances 80 interesting. : 

Logically, it wonld appear desirable to call all 
machines induction coils or transformers that depend 
on the reversal, variation, or cessation of magnetic 
force ; whether these changes be brought about by an 
automatic contact breaker or by the mechanical rota- 
tion of masses of iron under inductive influence; the 
necessary periodicity of change in magnetic state being 
produced either electrically, by the muke and break 


apparatus ; or mechanically, by the rotation of an iron 
armature of a suitable shape, so as to cause a rhyth- 


mical and variable magnetic action. | 
It is feasible that the result would be the same—that 


is, more or less—whether the magnetism revolved or 


not in Prof. Thomson’s alternator. But a result may 
be the consequence of many actions, and it is a legiti- 


mate field for enquiry to find ont what these actions 


are. 

There would seem to be much opposed or conflicting 
magnetism in this alternator—possibly a detail question 
in construction. For instance, the bobbins on the 
periphery of the machine are double in number to the 
projections of the armature ; and by the continuity of 
the magnetic circuit, which obtains its energy from the 
axial solenoid, all the bobbins are in themselves more 


or less saturated, and all of like polarity, without. re- 


ference to the armature. But as the armature can only 
cover half the number of bobbins, it follows that a 
polarity of opposite sign must necessarily be induced 


_in every alternate bobbin not covered by the armature, 
and this sign would be opposed to that which it would 
_ acquire from the framework of the machine, while its 


direction would be at right angles toit. There are some 
conflicting forces here. 

With reference to the distribution: of the lines of 
magnetism in the core or axis, and in the armature 
itself, if the armature were a drum instead of being 
variable in mass, I am certain it would rotate through 
the magnetism the same as the core of a Gramme arma- 
ture passes through the magnetism held in space by the 
inductive action of its field magnets. The fact of the 
armature being irregalar in shape, or heterogeneous in 
mass—having regard to the space it occupies in revolv- 
ing—is why I have a little doubt abott its action. 

It is the excitation of the solenoid that brings the 
magnetism into existence, and thatis a fixed element. 
If the cause is stationary, should not the effect be 
stationary also ? I cannot conceive magnetism to.be 
elastic; if it were so, dynamo machines would have 
been an unknown commodity and an impossibility. I 
have written on this part of the question before in the 
columns of your contemporary, the Electrician, 1887. 

Enclosed is an illustration or suggestion for an ex- 
periment which would decide the point. I have no 
opportunity for making it myself. On the shaft (fig. 1), 
each side of the armature, is a metallic band, insulated 
from but fixed to the shafr. A number of copper strips 
are in electrical communication with the bands, and go 


over and enclose the armature as shown, preferably 


placed at about the centre of each cavity of the arma- 
tare. Collectorson each side. Thecentral and exciting 
coil and the frame are shown in section, while the 
armature with the conducting strips is in perspective. 
Now, if the magnetism rotates with the armature, 
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there should be no decisive indication of current 
through the collectors, because if the magnetism rotated 


at all, it would travel at the same speed as the armature - 


and the conducting strips. But if the magnetic lines 
are stationary, then there should be unmistakable evi- 


dence of current; in fact, it would be a continuous 


current dynamo of its kind. 


Fie. 1.: 


However, the immediate or direct cause of current 
in Prof. Thomson’s machine may be explained on the 
reciprocating or. vibrating principle. Let fig. 2 repre- 
sent the section of a compound solenoid having a 
primary. and secondary coil, the secondary being wound 
on the end. Itis not difficult to make an iron model 
of a line of force, greatly magnified, no doubt ; and for 
convenience of illustration some are hinged and sus- 
pended at the inner side near. the equatorial part of the 
solenoid. Let the primary coil be excited, and these 
iron lines of force will repel each other, and strive to 
cut their way through the coil in order to assume the 
position shown by the dotted lines. In doing so they 
will: have intersected the wire of the secondary coil, 
and have generated the inverse current. Break the 


“ 


primary circuit, and the magnetic lines cut the coil — 


again, by falling back into their first position, generating 
the direct current. 

When the magnetic lines remain in their extended 
position, by reason of the primary current, the rapid 
rotation of an irregular mass of iron near the end of the 


magnet would cause the lines of force to vibrate | 


through the secondary coil and generate alternate cur- 
rents similarly to an induction coil. . 
: E. L. Voice. 


39, Gower Place, W.C, 
October 6th, 1890. 


The Elmore Copper Companies. 


Assuming the Elmore process to be a success there is 
as much justification for a company to work it in every 
country which uses the metal as there is for an English 
company, and the probability is that one would be 
formed for Timbuctoo if occasion warranted. But the 
laws of political economy cannot, unlike, therefore, the 
copper industry, be revolutionised, and supply will 
always be subservient to.demand, and Timbuctoo will 
be without its Elmore company. .—Ss—© 

It having been proved that the process is a success 
and valuable, no criticism will be logical which con- 
demns the Austrian and French Companies without 
condemning at the same time every other Elmore com- 
pany. To prove the value of the process two things 
have to be shown ; firstly, that the tubes which are 
admitted to be produced, have intrinsic merit and con- 
sequently marketable value, and, secondly, that the 
cost of manufacture is commensurate with the price 
the product will obtain on the market. This is the 
nut-shell of the whole case, and whatever the results 
may be the connection of Messrs. Woodhouse and 


Rawson with the process neither makes it better nor 


worse. 

An enquiry on the above two points would have 
elicited such information as I will give you, and with 
these facts before you, instead of condemning without 


À 


enquiry an invention you should encourage, your six 
columns might have been devoted to better purpose, 
Now, as regards the first point ; every expert who hag 
tested the tubes has satisfied himself that they are 
much stronger than those made in the ordinary way, 
and, as a matter of fact, the company guarantees that 
every tube it supplies shall have a tensile strength far 
above that of any tube of similar dimensions. | 
‘As to the second point, namely, the cost of pro- 
duction, the company is now, and has been for some 
time, working at an actual cost of $d. per lb. of deposit, 
and this statement has been confirmed by Dr. Hop- 
kinson, who visited the works last week. This is, by 
the by, very much less than Mr. Elmore’s original | 
estimate, ‘which, I think, cathe to over ld. per Ib, 
Now, I have shown on evidence which cannot be 
fairly disputed, that the company produces a superior 
article at a ridiculously low price ; and the sole remain- 
ing point remains, Is there a market for the company’s 
commodities ? Given a better article at a lower price, 
common sense will tell one what the result will be. | 
The statement of Mr. Clark to which you refer in 
your article, has no bearing on the case, for the simple 
reason that he was alluding to ordinary electro-depo- 
sited copper, which for utility cannot be compared with . 
Elmore copper; while as to the extract from Mr, 
Parker's report, with its obvious error in the proportion 
of the decrease of tenacity, no stronger evidence can 
be given of this gentleman’s opinion than the fact that 
he has become a shareholder in the company since the 
date of his report. | | | 
Good wine, notwithstanding the old maxim to the 
contrary, does need “ bush,” and before anything can 
be appreciated at its true value, time, labour, and 
advertisement must ensue. I thoroughly believe in 
the impending revolution in the copper industry, but I 
am, although a shareholder in the Elmore companies 
and therefore, according to you, a fool, not sufficiently 
foolish to think that it will be effected in a few months 


A Shareholder. 


The Sweating System. 


_ Kindly allow me through the medium of your widely 
read journal, to call attention to the rapid strides that 
are being made in the electric lighting industry by that 
common enemy the sweater. Although our business 
is comparatively new, the sweater is there in all his 
glory, competing seriously with first class firms who 
pay fair wages which will cause them eventually to 
reduce theirs. It behoves both employers and em- 
ployees, whose interests are inseparable, to make a 
determined stand against these men, and they cannot 
start too soon. Other trades, just lately, have had to 


fight this question out and undoubtedly we shall have 


to do so in the near future. It is not alone the small 
wages paid by these men, but it is the bad material 
that is put in, thus injuring our trade by the constant 
breakdowns that occur, and preventing intending users 
from adopting the light. The only remedy that I can | 
see is by the first class firms combining and crushing 
the men off the market. 

Being a member of the Electrical Trades Union, and 
knowing a great many, both union and non-union 
men, there is amongst them a genuine desire on their 
part to do something to eradicate this pernicious 
system, or we shall be obliged to work for little better 
than a starvation wage ; and I am heartily ashamed to 
know that many of these sweaters originate from men 
of our own class. I should like to ask my fellow 
workmen what they are going todo? If they stand 
aloof they are against themselves and the men who 
desire to put a speedy end to this pernicious system. 
Hoping that the outcome of this letter will be to bring — 
forward some practical suggestions from employers and 
employees, — | 
| An Electrical Trades Unionist. 
October 7th, 1890. 
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_ MANUFAOTURERS OF SUBMARINE OABLES, WIRE, IRON POLES, INSTRUMENTS, BATTERIES, INSULATORS AND STORES OF EVERY DESORIPT 108. 


| LAID COMPLETE ON CALLENDER-WEBBER OR SOLID BITUMEN SYSTEMS. 


“ DIAMOND,” 
+ LAMF-HOLDERS. 


EDISON,” 


i 


Write for Prices to , RAWSON « United, Limited 


88,. “QUEEN VICTORIA STREET, LONDON, E.C., 
4, Piccadilly, BRADFORD, YORKS. ; Cornbrook Telegraph Works, MANCHESTER; Strand Works, CHISWICK, W.; Union Foundry, KIDSGROVE. 


“Daily Calendar for 1890, or Celluloid” Paper Knife and ‘Golendar- -Post 


12. WHARE ROAD. CITY ROAD. 
TELEGRAPH ENGINEERS AND CONTRACTORS — 
For the Supplying, Erecting, and Laying Down UnderGround Wires both for 
TELEGRAPHS AND ELECTRIC LIGHTING ~— 
PNEUMATIC TUBES FITTED WITH ENGINES AND PUMPS COMPLETE. 
MAKERS OF RADCLIFFE'S PATENT ELECTRICAL SIGNAL LOCKING APPARATUS. 


PATENT TELEPHONIC WIRES | 
TO: PREVENT INDUCTION BOTH FOR UNDER-GROUND AND OVER-HRAD LINES. 


Contracts entered into for the Supply, Construction, and Maintenance of Telegraph Lines. © ee 


CALLENDERS BITUMEN TELEGRAPH à WATERPROOF Go, 


| LIMIT HD. 
101, Leadenhall Street, LONDON. Telegrams: “CALLENDER, LONDON.” ‘Telephone, No. 4485, 
LIVERPOOL: 36, Dale Street. 
Works: ERITH, KENT, ‘Telegrams: “CALLENDER, PICARDY.” | "Telephone, 8411. 


UNDERGROUND MAINS 
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FOR UNDERGROUND WORK, HOUSE AND FACTORY MAINS AND SHIP WORK. j 
Sonoantria Cables-ZRMOURED-Metal 
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COYENT GARDEN. 


HIGH- -CLASS ARTISTIC ELECTRIC FITTINGS 


Designed by 8S. CRICHTON HANNAH, Esq. 
(Exhibitor at the Royal Academy, 1887—1888.) | 
Valuable Wiel in ‘Stock of Renaissance, Louis XV., Louis XVI., Girandoles adaptable for the Electric Light 
SKILLED MODELLERS AND CHASERS EMPLOYED. | 
SILVER AND COPPER FITTINGS, COPPER STANDARDS, COPPER AND GLASS SUSPENSIONS, COPPER CEILING LIGHTS, COPPER BRACKETS, 


METAL WORK FINISHED IN GOLD dns aus ORMULU, ELECTRO OR ee GILDING. er 


PHOENIX FIRE THE LAMP 60, 


| 19, Lombard Street & 57, Charing Cross, LONDON. 2, MARLBOROUGH MANSIONS, VICTORIA ST., LONDON, 8 W. 
 CSTABLISHED 1182.) OWNERS of the BERNSTEIN SYSTEM of ELECTRIC LIGHTING. 
LOWEST CURRENT RATES. ¢@ The lanips of this Company are of low resistance, and | 
LIBERAL AND PROMPT SETTLEMENTS. —_ free from the claims of other companies. tis | 


ASSURED FREE OF ALL LIABILITY. 


ELECTRIC LIGHTING RULES (COPYRIGHT), 


16th Edition, DIVIDING 


ON BRASS, IVORY, EBONY, &c. 
-TO THE TRADE. 


W. C. MACDONALD, ? Joint Secretaries. 


| GILKRS" ENGRAVING WORKS, READING, BERKS | 


BRASS, GUN METAL, 


PHOSPHOR BRONZE 


CASTINGS 
AND : 


For Driving 
FANS, PUMPS, 
LAUNCHES, 
ROCK DRILLS, 
PRINTING PRESSES, 


4 DS 


and 
GENERAL MACHINERY. 


ALBION METAL WORKS, \ 
WOODCOCK STREET, 


COMPLETE PLANT FOR THE TRANS- 
MISSION OF POWER. 


Enlarged Illustrated Catalogue 
now ready. 


NX \ | CUTTRISS & CO, Leeds. 
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| SAFETY JUNCTIONS. 


COVERED WIRES OF ALL DESCRIPTIONS à 
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GULCHER ELECTRIC LIGHT & POWER COMPANY, Lo. 


ARE NOW MANUFACTURING SPECIALLY FOR THE 


TRANSFORMERS | | 
BATTERSEA Arc Lamps 
DINAMOS. | | MOTORS. 
Lights, 2176 N à 
Euecraic Livre Power * rm 


For Catalogue and Particulars apply to TELE MANAGER, BATTERSEA FOUNDRY, s. vw. 


ELECTRIC CRANES, 


TRAVELLINC, PORTABLE AND FIXED. 


R. BOLTON & CO, Engineers, 110, Leadenhall St., LONDON, EC C. 


JOSEPEH BOURNE & SON, 


- MANUFACTURERS OF THE WELL-KNOWN 


STONEWARE TELEGRAPHIC INSULATORS AND BATTERY JARS. 
vor sty yous Stoneware, White Stoneware." Br 
Strength and Durability Prise Medal, 
eee Special Shapes for Telephone and ce Lighting Wires. . 


Works: DENBY POTTERY, NEAR DERBY. Bee 
London Office: NEW ST. PANCRAS STATION. EUSTON ROAD, N.W. ras 


RAMSDEN, CAMM & CO. 


| BRIGHOUSE. YORESHIRHA, 
| Dron awd Æieel Wire Drawers and G alvanizers. 


MANUFACTURERS 


TELEGRAPH, TELEPHONE AND CABLE WIRE, 
Rèce  Contractors to H.M. Postmaster-General,the Indian and Colonial Governments and leading Railway Companies 
ae _ SPECIALITIES :—FINE SIZES OF H.C. COPPER, GERMAN SILVER, &c., WIRES. 3000 


TAYLOR, TUNNIGLIFF & co | COX-WALKERS 


EASTWOOD, HANLETY, | SELF-PROTECTED 


ram ELECTRIC BELLS. 


PORCELAIN PARTS FOR 
_ LAMP HOLDERS, CEILING ROSES, 


SCREWED SWITCH BASES AND COVERS, | 


Ts, 


And Specialities for Electric Lighting. 7 
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THE MIDLAND ELECTRIC WIRE CO. | 


LEICESTER. 


MOUNTED OR 


MANUFACTURERS OF 


"tobe 
THE BEST. 


COX-WALKERS 


FOR BELL AND HOUSE WORE. 


DYN AMO MACHINES, TELEPHONES, &c., &c 
Fancy Covered and Braided Cables and Wires. 


ELECTRIC LIGHT LEADS | WE. ELECTRIC WORKS, DARLINGTON. 
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| ESTABLISHED 4840. 


STOKES & 


MANUFACTURERS arent MACHINERY 


| Machine Scretns, Sinds, & Small Turned 
à = Pats, | 


For TELEGRAPH ENGINEERS, OPTICIANS, MATHEMATICAL, SURGICAL, 
INSTRUMENT, TRUSS and CHANDELIER MAKERS, 
SUNDRYMEN, &c., &c. 


== BRASS AND COPPER SCREW WORKS.=—= 
GREEN STREET, | | 


dl; BIRMINGHAM. 


ESTIMATES Given To PATTERNS. 


| 


i 


“WIRE STRAIGHTENING 
MACHINE. 


This‘ Machine is an improvement upon any other. It rapidly 
straightens the Wire from -the Coil without bruising or 
otherwise marking it. 


Price complete for Machine to straighten Wire up {0 &-in. diameter, 
i2s. Gd. 


JO HN JARDINE, as 


«ESTABLISHED 1872. 
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KING, 
WESTERN ELECTRICAL WORKS, BRISTOL, 


=a, WIMSHURST INFLUENCE ELECTRICAL MACHINES 


orn and Improved a with and without @ 
ew Pattern, out Glass, Case, dctible or quadruple plates. Acknowledged to be the best finished 


Electric and Indicators, Let Gas Lighting Burners, K. M. B. Patent Pooket Galvanometers 
> Deprez-D’Arsonval and other Galvanometers, Resistance Coils, Metre and Wheatstone, Bridges, Morse 
Sounders of special pattern, and thorough efficiency guaranteed. 


NEW PRICE LIST, POST FREE, 4A. Telegraphic Address: “KINGHAM BRISTOL” 36 


Ge WAL L, 
MAGNETO WORKS, SHEFFIELD. 
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SPROIALITIES of STEBL and STEEL WIRE adapted to the IN STRUMENT and ELECTRIGAL TRADES, | 


‘MAGNET STEEL of the highest efficiency. 
SWEDISH IRON, ABSOLUTELY PURE AND DIAMAGNETIC. ae Qi VA 
TOOL ‘STEELS—ALL DESCRIPTIONS. 
COLD. ROLLED STEEL in all dimensions. .COLD ROLLED STEEL tampered, and polished in strips 
SPRINGS, HELICAL, SPIRAL, OR. TO PATTERNS. | 
ab Round Steel Wire Polished in anges or Coils, all gauges. ‘Tempered Wire, Polished and Plated Mosie | Wire, ree 
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AND CHEAPEST 


D YN A M © 
| 
Our Continuous Current. 66 Lahmeyer ” =i | 


See FE 


actual cost ; should be seen to 
“We also manufacture a special machine for 
coupling to motor. 
~ CATALOGUE FREE. 


‘BOLLING & LOWE, Hill, LONDON. 


THE NEWTON ENGINEERING 


MOTORS. 


Highest Efficiency ; Beauty of Design; Moderate 
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BAILEY'S 


SPEED INDICATOR 


FOR USE WITH 


Electrical Installations and with General Machinery, 


MANUFACTURED 
BY US FOR ALSO FOR MOST 
= 
BRITISH ADMIRALTY CHIEF ELECTRICAL 
FOR ENGINEERS 
WAR VESSELS. a HERE AND ABROAD. 
inches, 


OBEY 


GLOBH WORES, LINCOLN, 
MANUFACTURERS OF 


CORNISH AND LANCASHIRE BOILERS 


BY SPECIAL MACHINERY OF PERFECT AND MOST 
| = _æe MODERN CONSTRUCTION. 


Rivetted by 
Hydraulic Machinéry. 


All Holes drilled in 
position. 


Constructed in sizes of 


from 4 to 40 H.P. 
:? from 80 Ibs. to 140 Ibs. 
working pressure. 
STANDARD SIZES IN STOCK OR PROGRESS FOR. QUICK: DELIVERY. | 


Estimates given on receipt 
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ROBEY & CO. GLOBE WORKS, LINCOLN. 


À 


La we 


- 
| | | 
4 
| 
, a 
4 ill \ 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
| ». = 
| 
| 
| 
| | 
| 
| NN 
| 
| 
| 


212. 


ober 10, 1890.] 


Gq. SrATTER So. 


ALLIANCE ENGINEERING WORKS WEST DRAYTON. NEAR LONDON. 
Office: PRINOE'S MANSIONS, 68, VICTORIA ST., WESTMINS 


London MINSTER. 
ALLIANCE ” DYNAMOS AND MOTORS tor all purposes. ail fox delivery, Made by spécial spécial machinery in the best manner possible and 


THE STATTER PATENT CONSTANT CURRENT DYNAMO commercial than say star, 


Statter do not tender for wiring Wea Drayton.” 


| | Sheets, Rods, Tubes, Cells, &c., for Electrical Purposes. 
\ N | | i THE NORTH BRITISH RUBBER CD. LIMITED, 
| Edinburgh; London, 57, Moorgate St.; Manchester, 6, Charlotte 
LL | 
ERNE ST SCOTT & Co. 


Liverpool, 9, Lord Street ; Glasgow, 106, Buchanan St. ; 
Newoastle-on-Tyne, 89, Grainger St.; Leeds, 65 & 66, 
Glectrical and General Engineers. 


TYNE DYNAMOS, 
JYNE ARC LAMPS, 
TYNE TRANSFORMERS. 


Complete Installations erected by dementias men at 


home and 

SPECIAL TERMS TO THE TRADE. = Al 

Catalogue on application. = 
LONDON « Bolteniter London. ESS 
LASGOW Stree 0 
N (lise Works, Newcastle-on- 
JOHANNESBURG SOUTH AFRICA. | Johannes. 


MARSHALL, SONS Co, 


Highest Award MELBOURNE INTERNATIONAL br 1880,—First Prize and Special ni for Excellence for Engines 
First Prize and Special Mention for Excellence for Thrashing Machin 


BRITANNIA IRON WORKS, GAIN SBOROUGH. 


London Offices, Show Rooms & Stores:—MARSHALL’S BUILDINGS, 79, FARRINGDON _ EC. 


Automatic Expansion Gear. Economy in Fuel. Vertical Bose and Bollers. 


pass 8. & 00. KEEP A UARGE STOCK OF ENGINES: &o, OF ALL SIZES AT THEIR LONDON DEPOT bs IMMEDIATE DELIVERY On ~ = = 
INSPECTION INVITED. | 


Vertical Engines 


for Ship Light- = 
ing and Small 
Fixed oy Fixed Engines, with Disc Cran Single 13 to 85 HP 


Sor Works: 


] . New Catalogues, with Current Prices, free on apolication. 
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INDIA-RUBBER - COMPOUNC 


The aboye, which can only be obtained from this house, is — ; | The Centre from which the requisite elasticity is obtained! | : toy 
recognised as the Most Efficient and Economical Jointing | will adapt itself to uneven surfaces to which it may be ap. | 
Material in use, It is composed of a specially-prepared | plied, and allow the expansion and contraction to be fully 17 
India-rubber Compound, protected by a covering of Vul- taken up. The covering being of Asbestos Cloth, imparts. | ‘EE 4 

 canised Asbestos Sheeting, asshownabove,andasit _ & protection to the centre and so prolongs its elas. | 

. fs the only Jointing Material which adequately ._ ticity. For Manhole, Mudhole, Steam Pipe, | ; 1 

. combines PERMANENT ELASTICITY WITH and Mash Tun Door Joints it is unequalled, 

HEAT RESISTANCE, the advantages it and if applied as directed a ring can be. 

used many times over. Lo 
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~~ DEPOTS . 
| MANCHESTER: Cable Street, 


HULL: Humber ‘Dock Basin, a 
/ GLASGOW: 35, Robertson Street, | 
AMSTERDAM : 264, N. Z, Voorburgwal, 
BARCELONA, TRIESTE, LISBON & GENOA, 

_AGENTS.— BIRMINGHAM—BELL & €o., 7, John Bright Street. CARDIFF: BELL & Co., West Bute Street, _ 


| Blackfriars, | | | 


| LAVERPOOL : 2, Strand St, James St, 
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BOILER PRESERVATIVE | YARN & SOAPSTONE PACKING) ON-CONDUCTING COMPOSITION. |} | 


Will effectually keep Boilers clean and re- | 18 the BEST LOCOMOTIVE PACKING made. 
move any Incrustation, without injury 


Frs to the Boiler Plates or Fittings. 


loss by radi- 
ation, and 
saves 40 per 
cent. of fuel. 


BELL’s | 
COMPOUND HYDRAULIC PACKING 


18 SPECIALLY SUITED FOR 


HYDRAULIC MACHINERY, ACCUMULATORS, AND AMMONIA | Sent ous 


3 dry in bags 
AND ALL ve therefore 


others sent 
out wet. 


All bags are marked as above. 


ASBESTOS 


Ol sold as Bell’s Asbestos | 
i) Lubricant, & Cask, Drum, | 
i or Corks not marked as © 
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= | a | ADVANTAGES OF ASBESTOLINE. 
(ij ASBESTOLINE is the most efficient Lubricant for all ah 
wm ASBESTOLINE is the cheapest Lubricant. ~ ~ 
=a ASBESTOLINE soves from 50 to 90 per cent. of the Cost of Oil. 
ASBESTOLINE is the Cleanest Lubricant. | 
ASBESTOLINE is favoured by. Insurance 
nn ASBESTOLINE is the most Inodorous Lubricant. | 
D ASBESTOLINE is the safest Lubricant, its flashing joint teing 700 F 
| ASBESTOLINE has peaten all other Lubricants in making trials. 
is in and out doors in every climate. 


: ASBESTOLINE, to meet all circumstances, is made in four ASBESTOLINE ‘C, is for use tn tro tes; both ashore 
degrees of consistency, A; B, and EC. and afloat, It is also invalua 
ASBESTOLINE A, is specially adapted to ordinary Land “when ‘the ‘temperature is high. © 

Engines and Machinery, in and out-door, in this country. ASBESTOLINE CO, is ned for use on calenders, paper 
ASBESTOLINE B, a little more solid, is for use on Stea &c.;-where hy heated by steam 
in temperate climates, also on land when it is desirable Eee © veer and — mes is vantageously used 

have Lubricant stiffer than A. < 


_ The reputation of Asbestoline as a lubricant of the highest efficiency in every kind of machinery omar and à tins hover DES equalled by any other lubricant 
in the numerous cages of special difficulty in which the best oils are ineffectual.. This reputation is growing daily, because it is based on the experience of 
thousands of users under the severest circumstances any lubricant has ever been subjecte1 to, and not on mere laboratory tests and professional analysis 
of insignificant quantities. It is used with marked success in Steel and Iron Works, Collieries, Cotton and Wool Milis,and other Textilé Manufactories. In Corn Mills it 
has proved invaluable on the roller and other modern machines. In Saw Mills, on Machines going up to 5,000 revolations per minute, fts work has never been approached 
by any other lubricant.~On Electric Lighting Machinery, and in Steamships of all sizes throughout the world, the success of Asbestoline is unequalled. Many engines and 
machines of all descripticns gtve trouble and show bad results, both in working and wear, when the — of lubrication has not received due Sagar rn 
firms of the highest standing have giveh to it their powerfal testimony and support. 


| SUPPLIED. IN KEGS, 28 Iba, 56 Ibs., or 2. Ibs. 


SPECIAL TERMS FOR LARGE QUANTITIES.» 


IMPORTANT TO EXPORT MERCHANTS —One Pound of “ Asbestoline ” équals 2 gallons of oil weighing 18 Ibs, 
consequently the freight is very Liberal Terms are to Export Merchants. 


BELL'S ASBESTOS 


, 
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Under t this dde à title : are included the inventions of Mr. Field, and experience has provedithem to be 
THE MOST EFFICIENT, DURABLE, AND :ECONOMICAL PACKINGS ever. made. They constitute such a 
_ combination of Asbestos and India-rubber as secures the maximum of elasticity and heat resistance, and they 
are therefore UNEQUALLED FOR EYERY KIND OF ENGINE. These Packings are being universally used by 
most of the leading Steamship Companies throughout the. world for ordinary Compound, Triple, and Quadruple 
Expansion Engines of the latest type. These Packings are re composed of Rolled Asbestos Cloth, but the India- 
rubber is nd in two forms to suit various cases. 


Æ In ordering, state whether square or round required. =a 


ASBESTOS COMPANY, 


‘SOUTHWARK, LONDON, BE. : 
DEPOTS MANCHESTER : Cable Street, Blackfriars. LIVERPOOL: 2, Strand St., James St HULL: Humber Dock Basin. 
ie «GLASGOW: 35, Robertson St. DUBLIN, BELFAST, ANTWERP, BERLIN, BARCELONA, TRIESTE, LISBON, & GENOA. 
No. 264, N, Z. YOORBURGWAL, IMSTERDAM. © 


AGENTS: BELL & 1, Bright cain: Kot LE Stret, 
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LIMITED, 
Manufacturers, 
24. CHARLES ST, HATTON GARDEN, 


LONDON, E.C. 


AWARDED 


For Excellency of Manufactures, 


PARIS: INTERNATIONAL ‘EXHIBITION, 1889. 


THESE. GOODS ARE SHOWN FULL SIZE AND KEPT. INISTOGK. 


di, 7 


LES, 
Lei 


— 


2 


SOLE AGENTS FOR J. 0. MOUCHEL'S HIGH CONDUCTIVITY COPPER WIRE. 


al ‘DRAWN, BRASS, IRON AND STEEL, ROUND HEXAGON | AND FLAT, 


ALL SIZES KEPT IN STOCK. 


ESTIMATES FOR SCREWS AND TURNED PARTS ON RECEIPT OF PATTERNS. 
| Considerable Reduction for Large Quantities. | ‘on 
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10, 1900.) 


ORIGINAL MAKERS OF THE 


CARDEW VOLTMETER, 


| ad Prof. WEBER’S 


| . “Jn the laboratories for alternating current work of the 
Electrotechnical part in the new Physical Institute of the 
Federal Polytechnical School at Zurich, I use twelve 
Cardew voltmeters of MM. Paterson & Cooper to measure 
potential differences between 20 and 1,250 volte. — 4 
“After receiving these twelve voltmeters I have made very numerous 
and exact measurements to get the differences. between the indications of 
these voltmeters and the true values of the potential différences. _ 
«The resulis of ALL these measurements were VERY SATIGEYING, 


April, 1890. Prof, EH. WEBER." 
SPECIAL TERMS TO LARGE’ BUYERS 


‘PATERSON & 


_POWNALL | ROAD, DALSTON: NE. 


MEDAL. INTERNATIONAL ELEOTRIO. EXHIBITION, 


PHILLIPS BROTHERS, 
OFRCES AND WORKS; (TUE TELERIAPH WORKS, WICK, LONDON 


| MANUFACTURERS OF CABLES, WIRES, &c, TO ANY SPECIFICATION. 
‘MULTIPLE OABLES, ARIAL AND SUBTERRANEAN. 


y 


ad Compound Wire of every for Telephone and lect Bell Werk 


FANCY BRAIDED WIRES OF EVERY DESCRIPTION. 


| COTON AND, ‘SILK COVERED WIRES FOR DYNAMO MACHINES, MAGNETS, ds. an 


“THE SCHOOL OF ‘SUBMARINE TELEGRAPHY 
ELECTRICAL ENGINEERING 


ESTABLISHED IN 1868.. 


| PRINCES “STREET, HANOVER SOUARE, LONDON, 


LANT CARPENTER, BA, BSc, FOS = 
Secretary= LEON DRUGMAN, AS.TE. 
Instructor :—CHAS. CAFITO, MIME. LE. and E. 


Princes Street, Hanover 8 
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INSULATORS.—Ebonite, Porcelain, Brownware, &c. Fa 


{ 


INDIA-RUBBER, GUTTA-PEROHA, AND TELEGRAPH WORKS OOMPANY (Lémisd) à are || 


3 Water and 


à: 


— 10; 


106 & 100, CANNON STREET, LONDON, 20. 


BATTERIES MANUFACTURERS FOR GREAT 


| 


TELEGRAPH STORES ‘AND APPARATUS or EVERY DESURIPTION. 


of a Complete System of 


SILVRRTOWN PATENT FIRING BATTERY. 
Constant Battery for Mining and Blasting Purposes. 
"CONTRACTS ENTRERD INTO for the SUPPLY, CONSTRUCTION, and MAINTENANCB of LINES. 


for Harbour and 


| MANUFACTURERS OF 


VULOANISED INDIA RUBBER. 


VALVES SHEET, BUFFERS, SPRINGS WASHERS WHEEL TYRES CORD TUBING, AND DOOR AND CARRIAGE MATS. 
| INDIA RUBBER AND CANVAS SUOTION AND DELIVERY HOSE. 


INDIA RUBBER and CANVAS STEAM. PACKING — ROUND, SQUARE, and SHEET. | | 
INDIA RUBBER MACHINE DRIVING BANDS. 


"WATERPROOF GARMENTS FABRICS, 


Le 
\ 


| GUTTA-PERCHA. | 
ating Bowes for Plax Splming, de | 


Works: ‘SILVERTOWN, LONDON, E; PERSAN-BEAUMONT, PRANOE. | 
London Office—106, CANNON STREET, 
100, CANNON STREET, EC. 


BRANOE ‘WAREHOUSES : 
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COVERED WIRES CABLES 
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BULLER, JOBSON & Co, Ero, 


BIRMINGHAM, HANLEY, DUDLEY, LONDON and GLASGOW, 


Have pleasure in announcing to all connected with 


TELEGRAPHIC, TELEPHONIC, ELECTRIC LIGHTING, 


AND KinDRED’ TRADES, 
one itr to the large increase in their business since their amalgamation five a ago, 
they have now acquired an extensive site at AL 


CHESTON ROAD, BIRMINGHAM. 
WHERE THEY ARE ERECTING NEW WORKS 


And laying down the most improved plant for the production of their mänufactures. 
| Finding it advantiagequs to reconstruct the company with extended powers 


they have increased the capital, but 


THERE WWILL BE NO CHANGE IN THE PROPRIETARY. 
| $ THE NEW NAME OF THE COMPANY WILL BE | 


BU LLERS, LIMITED. 


3988 


RUBBER BUTTA PERCHA, & WORKS 


ek 


Offices : 106, “CANNON STREET, “LONDON, BO. 


MANUFACTURERS OF 


DYNAMO MACHINE :S, 


INSULATED ELECTRIC LIGHT WIRES AND CABLES, 


- CONTRACTORS FOR THE SUPPLY AND FITTING UP OF : 


HV ERY DESCRIPTION. 


INSTALLATIONS FOR STATIONS, SHIPS, ‘HOUSES, OR FACTORIES, 


ESTIMATES om APPLICATION. 


Works: eee. LONDON, E.- | 


THE 


ANCHOR WORKS, PLAYHOUSE YARD, GOLDEN LANE, LONDON EC. 
Manufacturers of | 


OF ALL DESCRIPTIONS 


FOR ‘ELECTRICAL INSTRUMENTS, ELECTRIC LIGHTING, 


AND TELEPHONE | WORK. AO. 


- 


| Fittings, Switches and Testing Apparatus, Volt and Meters. 
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PRICE, TALBOT CO. 


| ELECTRICAL ENGINEERS, PNEUMATIC AND ELECTRIC BELL FITTERS AND — 
TO HER MAJESTYS OFFICE OF WORKS. 


Sole Agents and Manufacturers of McClellan’s Patent Continuous Action Bells and Relays: 
CATALOGUES AND ESTIMATES FREE. 3681 


WATER-TUBE STEAM BOILER 


Specially adapted and generally used for 


ELECTRIC LIGHTING PURPOSES 


Because of their Great Economy in Fuel, Safety from le. 
age à Durability; but principally their Entire Reliability. 


The sees Davee have 2 use upwards of 10,000 H.P, of these boilers in À. 
of the ine may be seen at work at the Grosv 
atiery, London. The ane, par _ di have had 
| in use, for a considerabl P. 4 aterm, Biel 
at the installation of the e uminazione Palerm Bielly, 
&e, The ce og Continental Gas Association, Vienna, is ving erected 
on of these boilers in connection with the lighting of the Grand 
ouse in Vienna. 
In connection with Po pb te LIGHTING, the reliability that can be = on 
these boilers has led to their preference over others, and has ensured the ge and 
increasing trade of the Company. 


A VALUABLE BOOK ON STEAM FREE ON APPLICATION. 


European Works: KILBOWIE, near GLASGOW. 


Head Office for Europe: 21, Bothwell St., GLASGOW. 
| London Office: 114, NEWGATE STREET, E.C. 


Manchester 28, DEANSGATE. Paris BOULEVARD VOLTAIRE. Brussels: 14, PLACE DE BROUCKERE, BRUSSELS, 
FOR AUSTRALIA AND NEW ZEALAND, ADDRESS— 


THE BABCOCK & WwiILcox 280, Sussex Street, SYDNEY, N.S.w. 2852 


| 


500,000 HP in we 


COMPOUND ENCINE. 


Simple, Economical, Durable.’ 


ENGINE. STANDARD ENGISE. 


USED FOR 
ALL PURPOSES. 


LARGE STOCK ON HAND. 


STANDARD ENGINE. 


DIRECT CONNECTED ENGINE AND DYNAMO. 


JOHN MUSGRAVE SONS, 


LIMITED, 
GLOBE IRON WORKS, BOLTON. 


London Agents : 


8. & E. RANSOME & OO. 10, Essex St., Strand, W.C. 


10 to 350 H.P. 
BOILERS, FEEDWATER HEATERS, &e. 
Write for Circulars. 


All Sizes F‘urnished, 
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THE PAISTE SWITCH. 
Record: 100,000 in daily use. 


The movement breaks and completes 
the circuit in an instantaneous manner, 
preventing arcing or charring of the con- 
tact parts. Mounted on China, with cover 
and handle of same material; also on 
Porcelain, with metal cover. Correspon- 
dence invited. 


À À À À 2 : 


A. REYROLLE, 


10, UNION MEWS, UNION “STREET, MIDDLESEX 
HOSPITAL, LONDON, W. 2866 


GATESEEAD-oOn TYNE. 
No 


SILVER MEDAL, MEDAL, 
Newcastle Exhibition, | PARIS EXHIBITION, 
1887. 1889. 


SOLE MAKERS OF 
“SUNBEAM” . 


PRICES AND PARTICULARS 
ON APPLICATION. 


# 
AD SS | 


INCANDESCENT LAMP ÿ | AA Telegraphic Addresses : 
ar ‘SUNBEAM, GATESHEAD.” 
121, FENCHURCH ST. E.C, 200 2,000 CP. CYCLOPS, LONDON." 
== TOW RESISTANCHEH. 
| 3138 
| 


ELECTRIC LIGHT ENGINES. 


Over 150 Installations, 


STEAM SHIPS, WAR VESSELS, FACTORIES, MANSIONS, 
AND CENTRAL STATIONS, | 


HAVE BEEN ENGINED BY 


 BROWETT, LINDLEY & CO. 
SANDON ENGINE WORKS, M ANCH ESTER. 


SALFORD, 
a EUR, =: Patentees and Sole Makers of the ACME GOVERNOR. Hundreds are in 


VERTICAL COMPOUND HIGH-SPEED ENGINE, C. S. TYPE. 


al eee use for Electric Light Engines. Send for Lists. 3785 
4 From 20 to 300 L.H.P. made. | | : : 
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ULCANISED 


or GUARANTEED 


_aw QUALITY. 


41, QUEEN VICTORIA STREET, LONDON. EC. 


HELSBY, 


3955 
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CONTRACTOR TO THE LORDS OF THE ADMIRALTY, 
GOVERNMENT, &c., 


HILL ELECTRICAL WORKS, LONDON, W. 


DYNAMOS, MOTORS, ARC LAMPS. 

SEARCH LIGHT APPARATUS of every er de 
SWITCHES. 

CUT-OUTS—ORDINARY, MAGNETIC. 

SCOTT’S PATENT SWITCHBOARDS. 


NOTE. Any of the abore to be seen in stock at the Works, or in course of construction. The Acton Hill 
Works is the only Establishment in the Kingdom where Projectors of three sizes, fitted complete 
with he from stock. 


‘+ Wiring, Laying of Mains, or Fitting 

up Complete Installations with indepen- 

dent plant, consisting of Engines, Boilers, 
Accumulators, &ec. 


Is drawn to the facility for supplying electrical plant 
at short notice, and of perfect workmanship. Owing 
‘to the possession of the most modern machinery and 
appliances and a trained staff urgent work can have the 
best attention. | | 


ELECTRICAL CONTRACTORS AND CON- 
SULTING ENGINEERS are ss : to send particulars 
of Specifications and Specialities required. Dynamos, 

2 Motors, and Electrical Apparatus built to Inventors’ 
instructions. | 


DONT FORGET to ileal “exhibit at the 


operating every evening. 


»  LAMPHOLDERS. 
 MIRRORS FOR PROJECTORS— | 
Unequalled. 


Edinburgh Exhibition. Search Light Plant 
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WALSALL ELECTRICAL 


“BOSS”, HOLDER. 
| | No. | 2 
| : 
ai 
=% 
< 
À 


Specially _— for Testing the Conditions of Accumulators. 


IMPROVED, 
SCALE, 
NEARLY DEAD BEAT. 


soLID LEATHER GASES, WITH SLING STRAP, 10s, EXTRA. 


UNDER LICENSE 
FROM THE EDISON-SWAN CO. 


AMMETER, 
4 AMPS. IN TENTHS, 
42s. 


CUT-OUTS, SWITCHES, 


&c. 
NEW LIST ON APPLICATION. 


New Patent 
CEILING ROSE. 


VOLTS. 

Ce- 
WALSALL 


PRESSEL SWITCH, 
DS. 


Pressing the Button 
alternately Lights and 
group. 


| 


NEW PUSH $ ‘SWITCH. 


Press Once to Light the 
Lamp. which is Extinguished 
by à Second Push. . 


Polished Brass 45s. per doz 


Holder, Shade, and Cord extra, 
according to Specification. 


CO hi 
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Sole Depot of MIX & GENESF, Ltd, 

34, ALDERMANBURY,. LONDON 8e. 
ELECTRIC LIGHT CENTRAL 
Dr. ARON’S ELECTRICITY 


Current, DR. ARON’S OWN 
_ stock on inidet favourable terms. 


manufacture ON 


felephons No. 1620.) (FRANCIS TEAGUE, Manager), ‘[ Telegrams: “Sounder, London: 
Head Office & Showrooms: 17, PRINCES STREET, HANOVER SQUARE. Factory : FERDINAND STREET, CHALK FARM, N.W. 


BLECTRIC AND TELEGRAPHIC ENGINEERS AND CONTRACTORS TO H.M. WAR ve 
| ADMIRALTY, G.P.O. LONDON COUNTY COUNCIL, &c. 


| MANUFACTURERS OF COCKBURN PATENT LOCK AND QUICK BREAK SWITCHES.  — 


à Main Switchboards, Cockburn Patent Cut Outs and F‘uses, Electrical Accessories. 


ANDREWS PREECE, 


RUBCTRICAL ENGINEERS & CONTE ACTORS, 


MANUFACTURERS OF THE 


= == s 
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= ARC LAMPS, SWITCHES, &c. 
7 Arr 4 _ Estimates and Specifications prepared treeof charge on application. 


BOROUGR MILLS, MANCHESTER ROAD, 


BRADFORD. 


THE nr TURBINE 


Per cent. 
wheel. Hd.in ft, HP. nseful effect. 


Two 30-inch Victor ‘v'urbines fixed 
on a Horizontal Shaft, and giving out 
over 600 H.P., are at work driving 


city of other Water Wheels of same THE LARGEST DYNAMO IN THE 


Possesses more than Double the Gapa- Size 
| diam prod best 1806 .. 3017 *8982 
as ys the in. WORLD for Messrs. the Cowles Eleo- 


following tests rz. Holyoke Testing 


WITH PROPORTIONATELY HIGH ann AT PART-GATE. N.Y., and Two 12-inch giving out 


x 4 ‘ 
Ah. il 
A 
ne) 166 H.P., and driving a No.8 BRUSH 


| Such results, together with its nicely-working gate, canton strong, and EL 

construction, s avourably comm atten DYNAMO, for the Aspen Electric 
purchase These Wheels are of. and of the best, 

material—State requirements, and send for 


FREDERIC NELL, 16, Mark Lane, LONDON, E.C. Arena es 


w J. FE. & G. HARRIS, pa the Trade. 


ELECTRIC LIGHT CASINGS | 


OVER 150.000 FEET, readv for immediate delivery, 


i 


J. F & G. HARRIS | 
MAHOGANY& GENERAL | 
TIMBER MERCHANTS. 

MOULDING MANUFACTURERS, 


OFFI CE 67 WILSON STREET, FINSBURY. EC. 
ORANGE STREET. GRAVEL LANE, :CUTHWARK SCE 
AND MILLS, VICTORIA WHARF TWIG FULLY BRIOCE BETHNAL C REEN E. 7 
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| Supply 
| Alternating | 
direct | 


THE ACME ELECTRIC WORKS 
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Special Quotations for Large Quantities. Sample Board, Catalogues and Price Lists forwarded on application. . 2963 | 
ALL ENGINEERS and CONTRACTORS should have our SAMPLE BOARD. It Is id issued. | 
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TELEPHONES 


For Export to all parts of the World. 


THE CONSOLIDATED TELEPHONE. CONSTRUCTION AND 


Of No. 109, FARRINGDON ROAD, 
‘ LONDON, E.C., are the SOLE LICENSED | 
MANUFACTURERS OF TELEPHONES 
#or Export and for use in the United King- 
| dom, under LICENSE granted to the Com- | 
pany by the UNITED TELEPHONE CO. 
of London (now the NATIONAL TELE- 
PHONE CO.) | 


NO TELEPHONES can be manufactured 
by any person or Company (other than 
the CONSOLIDATED TELEPHONE CO.) 
in the United Kingdom, and the said Com- 
pany offer a substantial reward for suffi- 
cient evidence as will enable proceedings to 
a be taken against infringers of these rights. 
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M CATALOGUES AND PRICE LISTS ARE TO BE See 
: ‘HAD FREE ON APPLICATION. 


LÀ 


ConsozipATED TELEPHONE Co. 
are prepared to supply the celebrated . 9% 
SimMPLEX Arc Lamp, which burns with M 
great brilliancy and steadiness in parallel 
circuits. 


Sizes from 5 Ampéres ee 


+" 
2. x z 
, + 22> 


SINGLE LAMP COMPLETE, WITH GLOBE (large and Small size) from 908. | 


of 24 H. P. Nominal. 


My 


SIZES :—20 HP. to 100 HP. TUBE FIRING. 


x | M: 4 
i} 


Manchester.—8, Todd Street. 
Glasgow.—i#i, Buchanan Street. 


Newcastie-on-Tyne-4, Cloth Market. 
Dublin.—62, Middle Abbey Street. 


Belfast.—13, Queen’s Square. 
Liverpool.—28, North John Street. 


THE SIMPLEST GAS ENGINE MADE. 


SPECIALLY ADAPTED FOR ELECTRIC LIGHTIN G. 


London Office.-80, QUEEN VICTORIA ST., E.C. 


ANDREW _& Coy., Ltd. REDDISH, STOCKPORT. 
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LE aes from 1 to 150 Indicated Horse Power in ONE Cylinder only. Also SPECIAL 


| | RELIABLE, 
| ECONOMICAL. 
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NALDER Bros. a Co., 


| | Awarded the GoLp MEDAL of the Society of Arts, in Competition, 1889. 


TELEPHONE, No. 3120. Telegraph Address: “SECOHM, LONDON. ee 


NALDER BROS. CO. 


MANU FACT URERS OF 


TESTING 


AM METERS 


YOLTM ETERS, 


FOR DIRECT OR ALTERNATING CURRENTS. 
A SPECIALITY IN HIGEH-CLASS 


RESISTANCE FRAMES, 


"SINGLE, DOUBLE & TREBLE POLE SWITCHES 


FOR: HIGH OR LOW SYSTEMS DISTRIBUTION. 


132, HORSRFERRY ROAD, WESTMINSTER. | 


— 


DOUBLE ACTING: 


UNEQUALLED FOR DRIVING ELECTRIC LIGHT MACHINERY. 


DOUBLE Cylinder Type al to: 300 Horse-Power, 
SIMPLE, 


NUMEROUS HIGH CLASS 
TESTIMONIALS, 


Full Guarantee given 
with every Engine. 7 


WORK EQUALLY WELL WITH = 


COAL, OIL, OR WATER GAS. 


| SOLE MAKERS: | 
DICK KERR & CO. Limited, London, Bristol, and Glasgow. 
LONDON SHOWROOM : —16, Queen Victoria Street, E.C. 


Works:-KHILMARNOCK. 
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COPYRICHT: ENTERED AT STATIONERS 


MOST COMPLETE LIST 
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L 


BEST WORKMANSHIP 


J H. HOLMES & Co. 


WCASTLE-OoN-TYNE . 


& 74, Coleman Stre I ,ONDON, 


WHEATLEY KIRK, PRICE & GOULTY, 


1850), 
ELECTRICAL AUCTIONEERS, VALUERS 
ARBITRATORS, . 
52, QUEEN ‘VICTORIA STREET, LONDON, EC, 
Ana Albert Square, MANCHESTER. 


THE ELECTRIC & GENERAL INVESTMENT C0, || 


LIMITED, 
‘Offices & 2, GREAT E. C. 


a His Grace the DUKE OF MARLBOROUGH, Chairman, | 


‘The Company has’ been formed FOR THE PURPOSE oF 


FACILITATING THE PROMOTION AND DEVELOPMENT 

OF UNDERTAKINGS for Electric Lighting, Traction, Trans- 

mission of Power, and other industrial uses of oe | 
Lens may be addressed to— 


Motices, 


Te LAST DATE for receiving ‘Tenders for the Electrical 
Central Station, Stockholm, was s September pr and not 
October 12th as advertised. pak 


| CORPORATION OF DUBLIN. 


| TENDERS FOR LIGHTING STREETS, &., WITH ELECTRICITY. 


ICE is hereby given that the time for receiving ‘Tenders, 


OTI 
N°" as already advertised, has been extended from October 13th | 
on October 30th. 


Order, 


BEVERIDGE, Town Clerk. 
| City Hall, Dublin. | 4006 


‘ESTABLISHED 1880. 


Rai Engineer 


An. Illustrated Monthly | Review of the Construction, Mashtsary : and | 
Administration 


of Railways. 
MONTHLY, ONE SHILLING. 


A Valuable Work for Reference, illustrated with large 


LITHOGRAPHED WORKING DRAWINGS 


Of Locomotives and other Ro Stock ; Bridges 
kinds of Railway 


ANNUAL SUBSCRIPTIONS, IN POSTAL UNION, l4s. 
(Payable in Advance, including Pcatäge.) Specimen Copy Post Free, 1s. 


OFFICES CATHERINE STRAND, W.c. | 


VULCANITE. | 


‘HARBURG INDIA-RUBBER COMB 
London Warehouse: F: WINTER, 1! 
188, LONDON WALL WOOD STREET Eo. 


to Situations Vacant, Situations | Wanted, 


| noster Row. 


Wanted, Businesses for ‘Bale, Patents for. Bale, Specific Pass 


any kind Wanted, or for Sale or Eechange, are. inserted at the 


rate of ONE PENNY Per Word {minimum 4 


Three consecutive Inbértions Pris for Two. 


| | tor Spain, two 


Electrical Engineers 
in central station work, high 


‘by letter addressed “ SPAIN,” 0 | 
Ke LINESMAN wanted, must be capable of 
instruments —. 


taking charge of lines, batteries, and 


between. 9 and 10, THE STANDARD Thee Compa, 19, ‘Queen 


practical and “Mechanical En; 
well up in designing anc dynamos, 
work.—Apply, with salary ‘to 4 
PRACTICAL Electrician, 28, désires re-engegement. 
P arc and incandescent, or charge of . Good reference. 


Moderate wages.—3979, Raview Office, 22, Pater- 


ALECTRICAL ENGINEER wishes to” himself 
Has been with two good electrical ‘firms in London. . Good 
references. — Address, “ S.,” 11, Selwood Place, South Kensington. 


W2 step a Position by one- whe has had e ience in the 
manufacturing of dynamos, storage batteries, lamps,. arc 


| and incandescent.—Apply 3,974, Ezxcrricaz Review Office. 


FE TRICIAN, aged 25, experienced in central: station work 

(high tension), arc and incandescent lighting, accumulators, 
&e., fair draughtsman, requires —Aûdress ‘ 
office of this paper. | 


HS experienced in all branches seeks engagement, 
lighting prefersæd.—4,007 office of this paper. _ 40. 
completed five years 


pee es to engage himself to electrical firm, 
or assistant board ship. —North Gate Cottage, Lincoln. 00s 


[Continued on neat 


—_ 


“FOWLER, LANCASTER & Co. LTD. 


BIRMINGHAM, 
18 NOW THE 
LARGE ST MANUFACTORY IN THE KINGDOM 
ALL 


ELECTRICAL SUPPLIES. 
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ORKING ELECTRICIAN desires re-engagement to take 

of an installation; engines, dynamos, arc, or incan- 

descent ting; references, &c.; four years at Cannon Street 

ee —A dress E. F. a Cannon Street, Hotel, London, 

so 

RACTICAL Electrical and Mechanical Engineer seeks en- 

P gagement. Experienced in design and manufacture of 

t of wor is used to estimating. 

Moderate salary. —<*W.,” 7, Beaumont Road, Hornsey Rise, Lon- 

don, N 3978 


AVELLER.—Re-engagement wanted know 
and good. connection) for fitti installation work. 
Five years’ experience. Apply 8980, ELectricaL Revirw Office. 


IGHT PORTABLE LADDER, feet high, on strong 
carriage 3 feet 6 inches by 6 feet, Pâtes with four travelling 


attached to the carriage a strong handle for hauling with. The 
into a well and strongly made winch, with handle and ratchet wheel, 


working. It can be put to angle, and is altogether a strong 
| and useful article, suitable for overhead wiring or arc lamp 
trimming, &c., Price £17 Light Works, Bare. 


YNAMO FOR SALE.—100-light Brush- Victoria shunt wound. 
prelige seen running in London. Recently had new arma- 
‘ture. 


q 
Harry Sours, 10 & 12, Garrick Street, Covent Garden, W.C. 410 


ANTED, Room, suitable for 
ximate size, 20 by 15. 
ask, Leyton Houæ, High Street, L Leyton. 


light. 


CABLES,” — Pro 

ly Illustrated.—Translated from the French of Dr. Francois 

The Kiwenc Co. 26, Norfolk ‘Street 
London, We. 


“16th 

6 BOULEVARD DE STRASBOURG. PARIS. 
Sisteon Pages, Half-Monthly, Ilustrated. 

SUBSCRIPTION : 6s. Yearly, 8s. 6d. Half-Yearly, Post Free. 


wheels, two of which are fitted with powerful brake, there is also 
ladder.can be lowered to the height of 7 feet 6 inches, and is fitted | 
&c., also an attathment for holding it securely in position when 


uantity of shafting, plummer cm À pulleys, &c:— | 


ALTERNATOBS—both self-exciting and for | 


separate rte ee Sections may be connected in series or 

oe ae thus aff wide range of E.M.F. and currents. 
—For full particulars ExzcraicaL ENGINexrine Cor- 
PORATION, 68, Victoria Str , Westminster. 3366. 


'NSTRUCTIONS FOR THE LAYING AND JOINTING | 
tas ‘ELECTRIC | WIRE CASINGS. | 


MOTEUR NYENTION DDUSTRELES 


Telephone 
No, 8188. 


CENTRAL INSTITUTION | 
OF THE 


CITY AND QUILDS OF LONDON INSTITUTE. 


ELECTRICAL ENGINEERING. 


(Rire à OF LEOTU RES on Electrical Engineering by 
Prof. W. E. Arnon, F.B.S. 

The Lectures for the Winter Term will be on the Construction 
of Direct and Alternate Current Dynamos and Motors, and the 
Methods of Measuring their Power and Efficiency. 

On Mondays and Wednesdays at 3 p.m., Monday, 
October 6th. 

The Fee for the Course is 14 guineas per term, or 3 guineas for 
the Session. — 

Application to join the-Course shouldbe made to. the aes. 
Central Institution, Exhibition Road, S.W.  . 

JOHN WATNEY, Mes. Sec. 
City and Guilds of London Enetitute: 2067 


CLEMENT STREET, BIRMINGHAM, 


MANUFACTURERS. oF 


BELLS. OR GONGS 


photographie 


Gran Sixes and or Bost Quatity and Finish, 
FOR ELECTRICAL | PURPOSES, 


of Sections, Prices and Discounts in all Woods free. 
Mahogany and Timber Importers, Importers of School Board Flooring Blocks, Figured 
Wainscot Floorings, and Manufacturers of High-Class Mouldings in all woods, 
Head Office: 214, PAVILION ROAD, SLOANE SQUARE, SW, 
Da Saw Mills: Stanley Bridge Wharf, King’s Road, CHELSEA. ei. 

Branch Yard: 66a, Poland Street, Oxford Street, W.. : "241" 


R. MCGOUNE, BUCHANAN & Co. 


Samples and Quotations 


WHOLESALE MICA MERCHANTS, | | Specifications... 
Mincing Lane, London, E.C. | Special Department for Chemicals used 
Téephone No. Telegrams, * Boulanger” For Electrical and all other À Electricians. 
| _ TRADE MARK. 
| ELECTRICAL SUPPLIES. 
CHINA. 
> 15,000 Lamp Holders, N 6,000 Ceiling Connectors, 
| 3,000 Shade Holders, \ 700 Wall Connectors, 
3 5,000 Cut-Outs, 18,000 Branch Switches, 


& 000 Main. Spring Switches, assorted sizes, 
STOCKED READY FOR IMMEDIATE DELIVERY. 


USE F. L. & CO.’S PATENT LAMP CAPS. 
ALL: ELECTRIC LIGHTING: AND TELEGRAPHIC SUPPLIES. 


¢ Send for Samples and. Quotations. 


Note :— 
FOWLER, 


LANCASTER & Co, Ltd., Birmingham. 


SHEPPARD, ALLARTON & MADELEY, | 


—— 
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PRICE LIST NOW READY 


AMMETERS 
$/'§ and. 
YOLTME TE RS 
For Engine Room use, 
Alternating or 
MARINE TYPE 
For Ship, 
Tram, 


/ 
LONDON. 


Train use. 


Contractors to English & Foreign Governments, 
Railways, Central Stations, &c. 


YNAMOS, 


Armatures entirely with mica 
Armatures and Field Colls 


‘VENTILATED INSDE 


POSITIVE DRIVING Long Beannys. Clean and Keonom! 
of Conductors. 4 "OREAPER dean cng with Gramme, Drum and Bar Armatures. 

Z working with same MARGINAL FACTORS _ HAVE BEEN BUILT IN ALL SIZES, 
AMPLE CLEARANGE LOW TEMPERATURE, over SEVEN TONS without Engine. 
for Armatures. | 08 of this type have worked st 250 volte, trans- 


| test than 
FOTO R 
STRONGLY BUILT. 
Will drive machinery direct with Spur Gearing, withont breaking down the armatures. 
HIGH BEFICIEN CIES. 


DYNAMOS 


FOR ANY OUTPUT. 


“DYNANOS and MOTORS 
Built to Specification. 
'h 


STEAM DYNAMO for ELECTROTYPING | 
supplied to Ordnance Survey Dept. 


.WoooFiELo Works, HARROW ROAD, 


LONDON, 
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. nounced confidence. 


York), February, 1889. 


‘ Taken as a whole, the hook is a most chibi aia ET one, and, with the illustrations, i is 4 vatuable addition to the § 
literature of a subject which is interesting to all engaged in practical electrical work.”—Electrical World, New York, January 12th, 1889. — 
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Publications. 
TENTH YEAR OF PUBLICATION. 


wm. DAWSON ¢ & SONS have pleasure in drawing your attention to the TENTE. ANNUAL PUBLICATION « OF 


A: BERLY’S 


« 


For 1891. 


THE, LEADING ELECTRICAL TRADES DIRECTORY OF GREAT BRITAIN, 
- And the OLDEST ELECTRICAL DIRECTORY in the WORLD. 


| ‘Invaluable to Manwdecturing Electricians, Electrical Engineers and Contractors, Makers of High Seca ani 


other Engines, Motors of.all kinds, Driving Bands, Carbons, Chemicals, Insulators and Insulating Materials, 
Wire and Cable Manufacturers, Whole 


No office is complete without a copy. 
pes ARRANGED IN SECTIONS, AS FOLLOWS, VIZ. :— 


BRITISH.—AI infofination relating to Great Britain and Ireland. 


 AMERICAN.—AI térmation exclusive of the British possessions. 
CONTINENTAL. —All information relating to the Continent. 


INDIAN, CO LONIAL AN D GENERAL.—All information relating to British Possessions, inten 


"other Countries not having a sers Section. 


SPECIAL NOTICE! 


di on old supporters in cular and Advertisers and Subscribers in general, are desired to note, that 
= ear we haye resum 
whic 


we initiated in 1882, and used continuously until 1886. 


Eight page Circular on application. All Orders for Advertisements, Books and Insertions to be forwarded to 


WM. DAWSON & SONS, 148-149, UPPER THAMES STREET, LONDON, E.C. 


have no other Opies.) 


| Cloth, ne Post om 55 Illustrations. By JAMES SWINBURNE. 
_ Practical Electrical Measurement. 


“ Altogeth 
out of a large mass of matter have struck us as perhaps open to criticism.” —Electrician, February 15th, 1889. 


“ The author comes to his task, however, so well equipped by practical experience, that ees Be 
Lis selection and treatment of the su ject matter is winner ean day 


which is us deemed indispensable to works on electrical subjects, is conspicuous | 


tte pe —The Blectrical Engineer, (N 


“ It does not need commending ; we _ only to give the author’s name and that of the publishers.” —Electrical Plant, January, 1889 


_ Leather, 5s., Post Free. By H. R. KEMPE, M.Inst.E.E., A.M.Inst.C.E. 


The Electrical Engineer’s Pocketbook 


OF MODERN RULES, FORMULA, TABLES AND DATA. 
Cloth, 58, Post Free, Crown 8vo. By JOHN W. URQUHART, Electrician, 


Electric Light Fitting: 


A HANDBOOK: FOR WORKIN G ELECTRICAL ENGINEERS, EMBODYING PRACTICAL NOTES 
ON INSTALLATION MANAGEMENT. | 


Cloth, 4s. ea, Post Free. 41 Illustrations and 5 Tables. By F. B. BADT. 


_ Incandescent Wiring Handbook. 


Multiple Arc System; Three-Wire System; Methods of Running Wire; Location of Safety Devices and Switches ; Pixtares and 4 


tien: À Wire Gauges ; General Electrical Data ; Calculating Sizes of Wires; and two Appendices. 


Published by H. ‘ALABASTER, GATEHOUSE & co. 
22, PATERNOSTER ROW, LONDON. 


| sale and Retail Dealers in Electrical Goods, and to Manufacturers of mi 1 
article and by. the Electrical Trades. 


THE SAME METHOD OF CANYASSING BY SPECIAL CIRCULAR (8 pages) | 


er the book is an excellent one, the few points that have been objected to in this notice being almost the only ones that 3 
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THE 


ELECTRICAL 


(OF NEW YORK). 
A Weekly Review of Theoretical and. Applied Electricity. 


Edited by T. COMMERFORD MARTIN and JOSEPH WETZLER. 


Believing that the matter is one which interests all electrical engineers closely, the proprietors and editors of this journal, 


through their agents, desire to direct. attention to the new departure that has been made by The Electrical Engineer in its — 


change from a monthly to a Weekly publication. 


The Electrical Engineer is a paper, which, as the oldest of its class in the field in America, has a distinguished reputation, — 


and is ene to which all interested in electrical development may look as a safe advocate, exponent and authority, as well as a faithful 
record of all data and achievement. 


It is intended that as heretofore, but with more vigour and promptness pee ever, The Electrical Engineer, shall cover 
the whole domain of theoretical and applied electricity that its name implies. It will naturally pay special attention to the work in 
which the electric current is recognised and employed as the. great modern agency for distributing light, heat and power. No one 


engaged, or interested in operating electric lights, electric motors, electric railways, or any other electrical apparatus can afford to be 
without a single number. 


The management of the gent will be in the hands of the above named, who believe that in the endeavour and determination to 
publish a comprehensive, useful, unbiased and independent journal, they will receive liberal support from all quarters. Should the 
character and standing of the editorial and business staff be acce pted as a warrant for the high degree of excellence aimed aes it % 
intended that The Electrical Engineer « shall in every way reall the kind and friendly anticipations formed respecting it 


1 

habe 


TERMS OF SUBSCRIPTION, POSTAGE PREPAID FOR ONE YEAR, GREAT BRITAIN AND OTHER COUNTRIES 
| WITHIN THE POSTAL UNION, 20s. | 


ADVYERTI SE MENT RATES ON APPLICATION. 


AGENTS FOR GREAT BRITAIN: 


EH. ALABASTER, GATEHOUSE & co. 


22, PATERNOSTER ROW, LONDON. 


THE 


WESTERN ELECTRICIAN 


(OF CHICAGO). 
A Weekly Paper of E lectrical Science. 


‘This excellent and well-illustrated journal has rapidly pushed its way into the front rank of | | 


electrical papers, and does for the Western States what the Electrical Engineer is so ably doing for 
the Eastern States of America. It is early with ‘its information, bright and clever in its views, 
and in its expression of them independent.” 


TERMS OF SUBSCRIPTION, POSTAGE PREPAID FOR ONE YEAR, GREAT BRITAIN AND OTHER COUNTRIES 
WITHIN THE POSTAL UNION, 203. 


ADVERTISEMENT RATES ON APPLICATION. 


AGENTS FOR GREAT BRITAIN: 


H. ALABASTER, GATEHOUSE & CO. 


| | 28, PATERN OSTEER ROW, LON DON. 
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EVERY NECESSARY FOR ELECTRIC LIGHTING. 


DYNAMOS OF THE BEST CONSTRUCTION. @%s,"* 


gi MEASURING INSTRUMENTS AT LOWEST PRICES. ja 
ÊF. ZOPKE, Wilhelm-Strasse, 98, BERLIN, W. 


 CROGGON & CO. Ltd, 


16, UPPER THAMES ST., LONDON E.C, 


Also at LIVERPOOL and GLASGOW, 


MANUFACTURERS OF 


Conductors, and Speaking Tube Fittings. 


CHARLESWORTH, 


Electrical Engineers, 
-RICHMOND ‘HILL IRON WORKS, 


SILVER MEDAL, BARCELONA, 1888. 
MAKERS OF 


HIGH-SPEED ENGINES, | 
DYNAMOS & MOTORS, . 

SEARCH-LIGHT PROJECTORS, &c. 
SHIP LIGHTING A SPECIALITY. 


Complete {nstallations 
of all kinds, 
Estimates on Application. 


ENGINEERS,” 


DON AGENTS, 


N & Co., 
37, WALBROOK. E.C. 


The following sizes of Compound-Wound Dynamos are 
| = kept in stock or in progress. 


| 0 0’8 FITTED WITH 
STEAM BOILERS |‘. E 
hed ~~ LANCASHIRE and other types, ‘ON BOILER PLATES.’ © 
- WALBROOK HOUSE, LONDON, E.C. Fe 
Works: se. ceorce street, Lonpon, x. Office of CHARLESWORTH, HALL & CO., | 


ELECTRICAL ENGINEERS & CONTRACTORS, 


Electric Light Fittings, Bells, Indicators, Lightning’ | 


SEND FOR ILLUSTRATED LIST, POST FREE. 599 — 


PRICE. 


Lamps. Amps Volts. Speed. ii 
90 45 100 | 852 £76 
| 180 90 100 1020 £29 
= |. 220 120 100 880 | #121 
=| 400 200 100 825 £170 


PROJECTORS IN STOCE. 
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Telegraphic Address: “ PLATESSA,” LONDON. TELEPHONE 
WORKS, SHOWROOMS AND OFFICES: 


58 & 59, BREAD STREET, CHEAPSIDE, LONDON, E.C. 


POOLITE SWITCH, 3 Amps. . 


WHITE’S NEW DIAMOND SWITCH, | WHITE’S PATENT 
7 Amps. CEILING ROSE AND PULLEY. 


No. 3 HOLDER. 


100 Amp. DOUBLE POLE SWITCH—POOLE & WHITE’S SPECIAL DESIGN. 


| 


{Il | 


| 


SINGLE POLE CUT-OUT. 


DOUBLE POLE CUT-OUT. 


FLUTED ROSE. 
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BALMORAL BUILDINGS, 91, QUEEN VICTORIA ST. 


STEAM WORKS, HATTON GARDEN. 
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CENTRAL | 


Le | Le | | | | 


VALVE 


(PATENTS or 1884 ann 1885), 


be opal in Ten Standard Sizes, from 3 to 530 I. H.P., with either One or Two Cranks, and for speeds of from 280 to 700 Revolutions, 


They are equally suited for ESE SP Te or Non-Condensing; for the direct driving of High-Speea 
Machines, | such as Dynmamos and F‘ans, or for Driving General Machinery by Belts or 
Gearing. It is now fully established that they possess Extraordinary Freedom from Wear, ‘a all 
Bearings are in “ constant thrust ” (which is not the case with many Single-Acting Engines), and are Self-Lubricated. Their Small 
Size and weight, while advantageons in all cases, fit them for uses to which the majority of engines are inapplicable. Al 
except the smallest sizes are made either Simaple, or Expansion; to the | 


' pressure available, and recent trials show that they work with a 


SMALLER CONSUMPTION OF STEAM | 


Than any other type of engine in the market indicating equal power. Non-Condensing, a consumption of steam as low as 18-2 lbs. _ 
per [.H.P. per hour has been recorded, and the Makers are prepared to Gruarantee that the larger Condensing Engines 
shall work, at least, as economically as the best class of Compound Corliss Engines, while possessing enormous. advantages in 
Lightness, Compactness and Cheapness. 


THE WILLANS CENTRAL-VALVE ENGINE IS WITHOUT RIVAL 


FOR ELECTRIC LIGHTING: 


For which purpose several hundreds have already been applied with the utmost success. _Engines are on order at the i 
— for nearly all the most important Public Lighting Stations now under construction in England, and the indicated ads of se 3 
Engines already supplied, or now on order, exceeds 


Thirty-Thousand Horse-Power. 


PRICE LISTS WITH FULL PARTICULARS ON APPLICATION. 


ATIVE Ess DELTON. J SURREY. | ons 


THE FOWLER-WARING CABLES Go, Lro, 


85, QUEEN STREET, CHEAPSIDE, LONDON, e.C., 


Sole Manufacturers or 


LEAD-COVERED CABLES, 


UNDER THE COMPANY'S PATENTS, 
FOR TELEPHONE, TELEGRAPH, ELECTRIC LIGHT, 


TRANSMISSION OF POWER, | LA 
And Underground Installations of every ‘kind. 


SPECIAL ANTI- -INDUCTION TELEPHONE CABLES. 


J 


STEAM SHIPS, DOCKS, 
| CHEMICAL WORKS, 
FACTORIES, MINES, 
DAMP PLACES, &c. 


UNAFFECTED BY HEAT, 
MECHANICAL STRENGTH, 

HIGH INSULATION 

LOW CAPACITY. 


MEDAL, PARIS EXHIBITION. 


REFERENCES AND PARTICULARS ON APPLICATION. 
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WESTERN ELECTRIC 


TELEFPHONIC AFFARATUS 
-ARC LAMPS. AND DYNAMOS. “a 
PATTERSON CABLES FOR TELEPHONES, TELEGRAPHS AND ‘ELECTRIC LIGHT. 


79, COLEMAN STREET, LONDON, E cl 
CHICAGO, NEW YORK AND ANTWERP. 


a 


CENTRAL STATIONS. 


CROMPTON & COMPANY, LIMITED, have erected, or are 1 | | À 
erecting, — Stations, and manufacturing machinery for same, J 
to supply 


821,000 
This ‘represents two-thirds of the total horse-power. being put down [4 
_ in this Country for Continuous Electric Supply, or in other words, [4 


100,000 LAMPS 
MORE THAN ALL OTHER LOW PRESSURE SYSTEMS COMBINED. If 


Full on the latest developments of Electrical Engineering and Tenders for Central Stations of 
any magnitude, can be obtained by applying to— + 


MANSION HOUSE BUILDINGS, LONDON, E.C. it | 


Works :-CHELMSFORD & LONDON. 


M. HOLROYD SMITH, 


4 Crossley Street, HALIFAX, and 18, Abingdon St., WESTMINSTER, 


ENGINEER DURING CONSTRUCTION OF 


AND PATENTEE OF TER SYSTEM. 


PAL 
811 


- equipping and working Rail- 
Ways or Tramways with 


| Electricity by means of OVERHEAD CONDUCTORS. 


| Contracts undertaken for UNDERGROUND CHANNELS, | : | 
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